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AMERICAN CONCRETE INSTITUTE. 


ARTICLE I. 
MEMBERS. 


Section 1. Any person engaged in the construction or maintenance 
of work in which cement is used, or qualified by business relations or prac- 
tical experience to co-operate in the purposes of the Institute, or engaged 
in the manufacture or sale of machinery or supplies for cement users, or a 
man who has attained eminence in the field of engineering, architecture or 
applied science, is eligible for membership. 

Src. 2. A firm or company shall be treated as a single member. 

Seo. 3. Any member contributing annually twenty or more dollars 
in addition to the regular dues shall be designated and listed as a Con- 
tributing Member. 

Sec. 4. Application for membership shall be made to the Secretary 
on a form prescribed by the Board of Direction. The Secretary shall sub- 
mit monthly or oftener, if necessary, to each member of the Board of 
Direction for letter ballot a list of all applicants for membership on hand 
at the time with a statement of the qualifications, and a two-thirds ma- 
jority of the members of the Board shall be necessary to an election. 

Applicants for membership shall be qualified upon notification of elec- 
tion by the Secretary by the payment of the annual dues, and unless these 
dues are paid within 60 days thereafter the election shall become void. An 
extract of the By-Laws relating to dues shail accompany the notice of 
election. 

Sec. 5. Resignations from membership must be presented in writing 
to the Secretary on or before the close of the fiscal year and shall be 
acceptable provided the dues are paid for that year. 


ARTICLE IT, 
OFFICERS. 


Section 1. The officers shall be the President, two Vice-Presidents, 
six Directors (one from each geographical district), the Secretary and the 
Treasurer, who, with the five latest living Past-Presidents, who continue 
to be members, shall constitute the Board of Direction. 

Sec. 2. The Board of Direction shall, from time to time, divide the 
territory occupied by the membership into six geographical districts, to be 
designated by numbers. 
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Sec. 3. There shall be a Committee: of five members on Nomination 
of Officers, elected by letter ballot of the members of the Institute, which 
is to be canvassed by the Board of Direction on or before September 1 of 
each year. 

The Committee on Nomination of Officers shall elect by letter ballot 
of its members, candidates for the various offices to become vacant at the 
next Annual Convention and report the'result to the Board of Direction 
who shall transmit the same to the members of the Institute at least 60 
days prior to the Annual Convention. Upon petition signed by at least 
ten members, additional nominations may be made within 20 days there- 
after. The consent of all candidates must be obtained before nomination. 
The complete list of candidates thus nominated shall be submitted 30 days 
before the Annual Convention to the members’ of the Institute for letter 
ballot, to be canvassed at 12 o’clock noon on the second day of the Con- 
vention and the result shall be announced the next day at a business 
session. 

Sec. 4. The terms of office of the President, Secretary and Treasurer 
shall be one year; of the Vice-President and the Directors, two years. 
Provided, however, that at the first election after the adoption of this 
By-Law, a President, one Vice-President, three Directors and a Treasurer 
shall be elected to serve for one year only, and one Vice-President and 
three Directors for two years; provided, also, that after the first election 
a President, one Vice-President, three Directors and a Treasurer shall be 
elected annually. 

The term of each officer shall begin at the close of the Annual Con- 
vention at which such officer is elected, and shall continue for the period 
above named or until a successor is duly elected. 

A vacancy in the office of President shall be filled by the senior Vice- 
President. A vacancy in the office of Vice-President shall be filled by the 
senior Director. 

Seniority between persons holding similar offices shall be determined 
by priority of election to the office, and when these dates are the same, 
by priority of admission to membership; and when the latter dates are 
identical, the selection shall be made by lot. In case of the disability or 
neglect in the performance of his duty of any officer of the Institute, the 
Board of Direction shall have power to declare the office vacant. Vacancies 
in any office for the unexpired term shall be filled by the Board of Direc- 
tion, except as provided above. 

Src. 5. The Board of Direction shall have general supervision of the 
affairs of the Institute and at the first meeting following its election, 
appoint a Secretary and from its own members a Finance Committee of 
three; it shall create such special committees as may be deemed desirable 
for the purpose of preparing recommended practice and standards concern- 
ing the proper use of cement for consideration by the Institute, and shall 
appoint a chairman for each committee. Four or more additional members 
on each special committee shall be appointed by the President, in con- 
sultation with the Chairman. 
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Sec. 6. It shall be the duty of the Finance Committee to prepare the 
annual budget and to pass on proposed expenditures before their submis- 
sion to the Board of Direction. The accounts of the Secretary and Treas- 
urer shall be audited annually. 


Src. 7. The Board of Direction shall appoint a Committee on Resolu- 
tions, to be announced by the President on the first regular session of the 
annual convention. 


Sec. 8. There shall be an Executive Committee of the Board of 
Direction, consisting of the President, the Secretary, the Treasurer and 
two of its members, appointed by the Board of Direction. 

Sec. 9. The Executive Committee shall manage the affairs of the 
Institute during the interim between the meetings of the Poard of 
Direction, 

Sec. 10. The President shall perform the usual duties of the office. 
Ile shall preside at the Annual Convention, at the meetings of the Board 
of Direction and the Executive Committee, and shall be ex-officio member 
of all committees. 

The Vice-Presidents in order of seniority shall discharge the duties 
of the President in his absence. 


Sec. 11. The Secretary shall be the general business agent of the 
Institute, shall perform such duties and furnish such bond as may be 
determined by the Board of Direction. 


Sec. 12. The Treasurer shall be the custodian of the funds of the 
Institute, shall disburse the same in the manner prescribed and shall 
furnish bond in such sum as the Board of Direction may determine. 


Src. 13. The Secretary shall receive such salary as may be fixed by 
the Board of Direction. 


ARTICLE ITI. 
MEETINGS. 


Section 1. The Institute shall meet annually. The time and place 
shall be fixed by the Board of Direction and notice of this action shall be 
mailed to all members at least thirty days previous to the date of 
Convention. 


Sec. 2. The Board of Direction shall meet during the Convention at 
which it is elected, effect organization and transact such business as may 
be necessary. 

Sec. 3. The Board of Direction shall meet at least twice each year. 
The time and place to be fixed by the Executive Committee. 

Sec. 4. A majority of the members shall. constitute a quorum for 
meetings of the Board of Direction and of the Executive Committee. 
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ARTICLE IV. 
DUES. 


Secrion 1. The fiscal year shall commence July Ist. 

Sec. 2. The annual dues shall be ten dollars ($10.00) payable annu- 
ally in advance from first of the month following notification of the appli- 
cant of his election by the Board of Direction. 

Sec. 3. Each member shall be entitled to receive one copy of one 
volume of the Proceedings for each membership year and additional 
volumes at a price fixed by the Board of Direction. 

Src. 4. A member whose dues remain unpaid for a period of three 
months shall forfeit the privilege of membership and shall be officially 
notified to this effect by the Secretary, and if these dues are not paid 
within thirty days thereafter his name shall be stricken from the list of 
members. Members may be reinstated upon payment of all indebtedness 
against them upon the books of the Institute. 


ARTICLE Y. 


STANDARDS. 


SECTION ]. Proposed new or revised Standard Specifications, Stand- 
ard Practice and Standard Definitions, when approved by a majority voting 
in the committee in which they originate, shall be submitted in the form 
adopted in the Standard Form of Standards to the secretary of the Insti- 
tute 60 days prior to the opening of the annual convention at which they 
are to be presented. The secretary of the Institute shall cause these pro- 
posed new standards or revised standards to be printed as Proposed 
Tentative Standards and mailed to the full membership of the Institute 
thirty days prior to the opening of the convention. As there amended and 
approved, they shall be published in the Annual Proceedings, next issued 
as Tentative Standards. At a subsequent annual convention they may 
again be offered unamended, by their originating committees as proposed 
standards, and as there approved by a majority of those voting, they shall 
be submitted to letter ballot of the Institute membership, to be canvassed 
within ninety days thereafter. Such proposed standards shall be con- 
sidered adopted unless at least 10 per cent of the total membership shall 
vote in the negative. 

ARTICLE VI. 


AMENDMENT. 


Srorron 1. Amendments to these By-Laws, signed by at least fifteen 
members, must be presented in writing to the Board of Direction ninety 
days before the Annual Convention and shall be printed in the notice of 
the Annual Convention. These amendments may be discussed and amended 
at the Annual Convention and passed to letter ballot by a two-thirds vote 
of those present. Two-thirds of the votes cast by letter ballot shall be 
necessary for their adoption. 


SUMMARY OF PROCEEDINGS OF THE TWENTIETH 
ANNUAL CONVENTION, 


Drake Hotel, Chicago, Illinois. 


First Sesston, Monpay, FrBRruARY 25, 1924, 2 P. M. 


The convention was called to order by William P. Anderson, president 
of the American Concrete Institute. 
The following papers were read and discussed: 


“How Structures Withstood the Japanese Earthquake and Fire,” 
by H. M. Hadley. 

“Tffect of Japanese Harthquake and Fire on Structures,” by 
Joseph 8. Ruble. : 

“Old and New Methods of Constructing Concrete Bridges.” by J. 
B. Hunley. ; 


JOINT SECOND SEssrons, Monpbay, Frsruary 25. 1924, 8 P. M. 


Two co-ordinate sessions were held on Monday evening (a) for con- 
struction superintendents, with Vice-President M. M. Upson in the chair, 
and (b) for concrete products manufacturers, with A. J. R. Curtis in the 
chair. The meeting consisted of the discussion of certain questions pre- 
viously printed. 


THIRD SESSION, TUESDAY, FEBRUARY 26, 1924, 9.30 A. M. 


Past-President Richard L. Humphrey in the chair. 

The report of Committee S-6, Concrete Roads and Pavements, was 
presented by its chairman, W. M. Acheson. 

The report of the committee consisted in the presentation of 


(1) Proposed Standard Specifications for Portland Cement Concrete 
Pavements. (One-Course Portland Cement Concrete Pave- 
ment for Highways). 


rs 
ins) 
— 


Proposed Tentative Specifications for Portland Cement Concrete 
Pavements. 


(a) Two-Course Portland Cement Concrete Pavement for High- 
ways. 


(b) One-Course Portland Cement Conerete Street Pavement. 


(c) Two-Course Portland Cement Concrete Street Pavement. 


(14) 
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With certain amendments noted in the reprint of the specifications 
in this volume, specification (1) was approved and sent to letter ballot 
for adoption as standard specification and specifications (2) were accepted 
as tentative. 

The following paper was read and discussed: 


“New Practice of Iowa State Highway Department for Control of 
Quality of Concrete,” by R. W.. Crum. 


The report of the Joint Committee on Culvert Pipe, Committee J-2, 
was presented by its chairman, B. 8. Pease. This was merely a progress 
report. The report was received and the recommendation passed that the 
Institute continue to be represented on the Joint Committee with the 
approval of the Board of Direction. 

The report of Committee P-7, Concrete Pipe, Drain Tile and Conduits, 
was presented by its chairman, C. I’. Buente. The report consisted in the 
presentation of the proposed tentative specifications: 


(1) Conerete Drain Tile 
(2) Plain Concrete Sewer Pipe 


(3) Reinforced-Concrete Sewer Pipe 


With the amendments noted in the full statement of the report in this 
volume, the specifications were accepted as tentative. 

The report of Committee C-1, Contractors Plant, was presented by 
its chairman, J. G. Ahlers. The report consisted in the presentation of a 
report entitled “The Selection and Design of Contractors Plant.” 

The report of Committee C-5, Estimates and Estimating, was presented 
by its chairman, Frank R. Walker. It was a progress report and was 
accepted. 

The following paper was read and discussed: 


“The Economic Value of Admixtures,” by J. C. Pearson and 
Frank A. Hitchcock. 


The report of Committee C-2, Concrete Floor Finish, was -presented 
by its chairman, N. M. Loney. The report consisted in the submission of 
Proposed Standard Specifications for Concrete Floors. This was adopted 
and sent to letter ballot for adoption as a standard of the Institute. 

The report of Committee S-3, on Concrete Sewers, was presented by 
its chairman, Secretary M. W. Loving. This report consisted in the sub- 
mission of Proposed Standard Specifications for Concrete Sewers. This 
was adopted and sent to letter ballot for adoption as a standard of the 
Institute. 

Committee C-2, through its chairman, N. M. Loney, submitted a re- 
vision of the existing standard for Portland Cement Concrete Sidewalks. 
With the amendments noted in this volume, the specification was adopted 


as a tentative standard. 
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On February 26, 1924, at 2 p. M., there was a demonstration of the 
operation and manufacture of trim stone and ornamental concrete con- 
ducted by R. F. Havlik and others. 


FouRLTE SESSION, TUESDAY, FEBRUARY 26, 1924, 8 RP. M. 


Past-president Richard L. Humphrey in the chair. 

The report of Committee P-1, Standard Building Units, was presented 
by its chairman, Wallace R. Harris. The report consisted in the presenta- 
tion of revised Tentative Standard Specifications for Concrete Building 
Block and Concrete Building Tile and Proposed Tentative Standard Specifi- 
cations for Concrete Brick. All were adopted by the meeting. 

The report of Committee P-4, Concrete Staves, was presented by its 
secretary, W. G. Kaiser. The proposed Tentative Standard Specifications 
on Concrete Staves was adopted as a tentative standard. 

The following papers were read and discussed: 


“Building Codes and Their Relation to the Concrete Products 
Industry,” by William F. Lockhardt. 


“Building Fireproof Homes,” by Paul Hueber. 


The report of Committee S-5 on Concrete Houses was presented by 
its chairman, J. A. Ferguson. It was presented as a progress report 
and with discussion was accepted. 

The report of Committee P-5, Fire Resistance of Concrete Building 
Units, was presented by its chairman, Leslie H. Allen. The report was 
a continuation of the report submitted last year on fire tests of blocks. 
The report was accepted. 

The report of Committee G-4 on Nomenclature was presented by 
W. A. Slater, chairman, This was a progress report and was accepted. 


TWENTIETH ANNIVERSARY DAY 
FirtH SESsion, WEDNESDAY, FEBRUARY 27, 1924, 10 A. M. 
This day was set aside to celebrate the growth of the Institute and 
the tremendous strides the concrete industry has made in the twenty- 
year period. The program consisted in the presentation of papers as 


follows: 
(1) Opening address by Richard L. Humphrey. 


(2) “Cement is the Magic of Concrete,” by F. W. Kelley. 
(3) “Conerete Roads,” by A. N. Johnson. 
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(4) “Mass Concrete,” by Arthur P. Davis (paper read by A. M. 
Stephens). 


(5) “Mechanical Equipment for Handling Concrete,” by A. W. 
Ransome. 


SIXTH SESSION, WEDNESDAY, FEBRUARY 27, 1924, 2.30 P. M. 
Past-president Richard L. Humphrey in the chair. 

(6) “Reinforced-Concrete Buildings,’ by Albert Kahn. 

(7) “Concrete Bridges,” by A. E. Lindau. 


(8) “Concrete for Foundations and Water Front Work,” by M. 
M. Upson. 


(9) “Concrete Products,” by R. F. Havlik. 

(10) “Architectural Concrete,” John J. Harley. 

(11) “Engineering Research,” by A. N. Talbot. 

(12) “Making Good Concrete,” by Duff A. Abrams. 

(13) “The Promise of Future Development,” by Richard L. Hum- 


phrey. 


On the evening of Wednesday, February 27, a banquet was held. 


SEVENTH SESSION, THURSDAY, FEBRUARY 28, 1924, 9.30 A. M. 
Vice-President A, E, Lindau in the chair. 
The following papers were read and discussed: 


“What Engineers and Contractors May Expect to Accomplish 
with High Alumina Cement,” by Henry 8. Spackman. 


“Wield Tests of Concrete,” by J. G. Ahlers and Stanton Walker. 
“Methods Used and Results Obtained in Control of Concrete in 
Building Construction,’ by W. A. Slater. 


The report of Committee C-6, Field Methods, was presented by R. L. 
Bertin, chairman. It consisted in a paper entitled “Suggestions for the 
Production of Better Concrete.” 


BUSINESS SESSION 


The report of the Board of Direction was read by the secretary. 
The following by-laws were accepted and passed to letter ballot of the 
membership : 
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ARTICLE V (as it stocd) 
RECOMMENDED PRACTICE AND SPECIFICATIONS 


Section 1. Proposed Recommended Practice and Specifications to be 
submitted to the Institute must be mailed to the members at least thirty 
days prior to the Annual Convention, and as there amended and ap- 
proved, passed to letter ballot, which shall be canvassed within sixty 
days thereafter, such Recommended Practice and Specifications shall be 
considered adopted unless at least 10 per cent of the total membership 
shall vote in the negative. 


ARTICLE V (as adopted) 


Section 1. Proposed new or revised Standard Specifications, Stand- 
ard Practice and Standard Definitions, when approved by # majority 
voting in the committee in which they originate, shall be submitted in the 
form adopted in the Standard Form of Standards to the secretary of the 
Institute 60 days prior to the opening of the annual convention at which 
they are to be presented. The secretary of the Institute shall cause these 
proposed new standards of revised standards to be printed as Proposed 
Tentative Standards and mailed to the full membership of the Institute 
thirty days prior to the opening of the convention. As there amended 
and approved, they shall be published in the Annual Proceedings, next 
issued as Tentative Standards. At a subsequent annual convention they 
may again be offered unamended, by their originating committees as pro- 
posed standards, and as there approved by a majority of those voting, 
they shall be submitted to letter ballot of the Institute membership, to 
be canvassed within ninety days thereafter. Such proposed standards 
shall be considered adopted unless at least 10 per cent of the total mem- 
bership shall vote in the negative. 


President W. P. Anderson in the chair. 


The report of the Board of Tellers announced the election of the 
following officers: 


President, A. E. Lindau, of Chicago. 
Vice-President (2-year term), M. M. Upson, New York. 
Treasurer, Harvey Whipple, Detroit. 


Directors, 1st District, C. E. Nichols, Boston. 
2d District, i. D. Boyer, New York.* 
6th District, Arthur Bent, Los Angeles. 


i 
*Because of the elevation of A. H. Lindau from the office of vice-president 
to that of president, the Board of Direction, in accordance with the By-Laws, 
filled the position of vice-president left vacant. EE. D. Boyer was made vice- 
president, and N. M. Loney, N. Y. director to fill the place left vacant by Mr. 
Boyer in the 2d district. 
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EicutTH SEssion, THURSDAY, FEBRUARY 28, 1924, 2 P. M. 


W. P. Anderson in the chair. 

The report of Committee P-8, Expansion Joints, was presented by its 
chairman, Langdon Pearse. The paper consisted in a report on expansion 
joints in concrete construction. It was accepted. 

The report of Committee H-5, Aggregates, was presented by its 
secretary, R. B. Crum. It was a progress report and was accepted. 

The report of Committee H-6, Concrete Failures, was presented by 
its chairman, M. M. Upson. This consisted in the presentation of studies 
of two concrete failures, one by P. J. Freeman and the other by John 
A. Ferguson. 

The report of the Committee E-7, Waterproofing, was presented by 
its chairman, S. C. Hollister. This was a progress report and was 
accepted. 

The following paper was read and discussed: 


“Bending Moments in Columns,’ by F. E. Richart. 


The report of Committee E-1, Reinforced-Concrete Building Design 
and Specifications, was presented by its chairman, A. R. Lord. It con- 
sisted of a progress report, which was accepted. 


THE WASON MEDAL. 


AWARDED Each YEAR TO THE AUTHOR OF THE Most Merirori0us PAPER 
PRESENTED 'lO THE PREVIOUS ANNUAL CONVENTION. 


Awarded 1924~to 


J. J. Harpy, for his paper, “Building the Fountain of Time,” Presented to 


the 1923 Convention. 


PREVIOUS AWARDS. 


1916 Convention Paper—A. B. McDanirt, “Influence of Temperature on 
the Strength of Concrete.” 


1917 Convention Paper—CHarLes R. Gow, “History and Present Status 
of the Concrete Pile Industry.” 


1918 Convention Paper—Durr A. ABrams, “Effect of Time of Mixing on 
the Strength and Wear of Concrete.” 


1919 Convention Paper—W. A. Siatver, “Structural Laboratory Investiga- 
tions in Reinforced Concrete Made by Concrete Ship Section, 
Hmergency Fleet Corporation.” 


1920 Convention Paper—W. A. Hut, “Fire Tests of Concrete Columns.” 


1921 Convention Paper—H. M. WersvrrerGAarp, “Moments and Stresses in 
Slabs.” 


1922 Convention Paper—Grorcg KE. Breaas, “An Accurate Mechanical So- 
lution of Statically Indeterminate Structures by Use of Paper 
Models and Special Gauges.” 
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THE PROGRESS OF Two DECADES. 


By Ricuarp L. HUMPHREY 


CONSULTING ENGINEER, PHILADELPHIA, PA., PAST-PRESIDENT, 
AMERICAN CONCRETE INSTITUTE. 


HILE this is its Twentieth Annual Convention, the Ameri- 

can Concrete Institute is but a little over nineteen years old. 

Twenty vears is an almost negligible portiow of time in the 
progress of civilization, although it is about a third of the life of 
the average man. 

The interval that has elapsed sinee the formation of this 
Institute seems but as yesterday and yet during that time, brief 
though it is, a most tremendous development of the cement in- 
dustry has taken place. 

On an occasion of this kind it is fitting in the opening address 
to briefly review the progress of the art before taking up the par- 
ticular developments in the industry during the life of the Institute. 

The use of calcareous materials as a binder in masonry prob- 
ably began more than five centuries before the Christian era. 

The ruins of massive structures built by the Ancient Egypt- 
ians reveal the use of mortar in the joints of these edifices. 

Pliny and Vitruvius have recorded the various methods of 
application used by the ancient Romans. The former ascribed 
the good condition of the mortar to the ancient laws which pro- 
hibited contractors from using lime until it had slaked for three 
years. 

It was the Roman practice to use fine particles of burnt 
earth or volcanic cinders coming from Pozzuoli at the foot of 
Vesuvius and they appeared to have discovered the fact that this 
material rendered mortar capable of hardening under water. 

Pliny further tells us that the Roman mortars were very bad 
and that; 

“The cause which makes so many houses fall in Rome 

resides in the bad quality of the cement.” 

Literature seems to indicate that following the downfall of the 
Roman Empire, Roman cement fell into disuse. 

(22) 
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Roman mortars and concretes have survived the ravages of 
time by reason of the favorable climatic conditions to which they 
were exposed. A great deal of the strength of these ancient mor- 
tars is attributable to their gradual induration with the ages. The 
Cleopatra obelisk in Central Park, New York, that had stood for 
centuries in Egypt, began to disintegrate under the action of freez- 
ing and thawing, and had it not been protected from such action 
would not long have survived the rigorous climate of the new 
world. 

The survival of Roman mortars and concretes for several 
thousand years gave them a reputation for durability which led 
early experimenters of the eighteenth century to seek to recover 
the lost Roman Art. 

In 1780 Dr. Bryan Higgins presented his “Experiments and 
Observations, made with the View of Improving the Art of Com- 
posing and Applying Calcareous Cements and of Preparing Quick- 
Lime: Theory of these Arts; and Specifications of the Authors 
cheap and durable Cement, for Building, Incrustation or Stucco- 
ing, and Artificial Stone.” 

In this book he called attention to the fact that,— 


“Where the weather is so variable and trying, and the 
mortar commonly used is so bad, that the timbers of 
houses last longer than the walls, unless the mouldering 
cement be frequently replaced by pointing,” 


and states that,— 


“T resolved in the beginning of the year 1775 to investi- 
gate more closely than I had hitherto done, the principles 
on which the induration and strength of calcareous 
cements depend; not doubting that this would lead me by 
an untried path to recover or to excel the Roman cement, 
which in aqueducts and the most exposed structures has 
withstood every trial of fifteen hundred or two thousand 
years.” 


Dr. Higgins secured an exclusive right for the manufacture of his 
cement through letters patent dated January 8, 1779. 

The successful efforts of John Smeaton in 1756 to secure 
a suitable material that would harden under water, gave fresh 
impulse to the development of the art. In his “Narrative of 
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the Building ete., of the Hddystone Lighthouse,” published in 
1791 he records his important experiments on hydraulic mortars. 
He found that some limes were better than others and states that 
he,— 


“was very desirous to get some light into some of the 
sensible qualities that might properly occasion the differ- 
ence, or at least be a mark of distinction.” 


he further states that,— 


“the fitness of hme for water building seems neither to 
depend upon the hardness of the stone, the thickness of 
the stratum, nor the bed or matrix in which it is found, 
nor merely on the quality of clay it contains, but in 
burning and falling down into a powder of a buff colored 
tinge, and in containing a considerable quantity of clay, 
I have found all the water limes to agree.” 


The patent (the first for the manufacture of Cement) granted 
to James Parker in 1796 was for an invention consisting of re- 
ducing to powder natural nodules of agrillaceous and calcareous 
composition and using with water to form a mortar or cement 
stronger and harder than any mortar or cement then prepared 
by artificial means. Because of the reputation of ancient mor- 
tars this material was known eventually as Roman Cement. 

Collet-Descotils, a professor in the Eeole des Mines called 
attention in 1813 to the fact that the silica found in limestone 
which is insoluble in acids became soluble when the limestone was 
calcined at a red heat and that this was the reason for the hydrau- 
lic properties of cement. 

The James Frost patent of 1822 was for the manufacture of 
a new cement or artificial stone prepared by calcining in a kiln a 
mixture of limestone or marls, free from alumina or argillaceous 
earth, but containing from 9 to 40 per cent of silicious earth or 
silica and reducing the resulting mass to a powder. 

The celebrated researches of L. J. Vicat, a French engineer. 
on building lime, concrete and ordinary mortars, published in 1818, 
had a widespread influence; and in that year St. Ledger was 
granted a French patent for making hydraulic lime by calcining a 
mixture of chalk and clay. All these investigations were leading to 
the development of a suitable hydraulic building material. 
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It finally remained for John Aspdin, a bricklayer of Leeds, 
Hingland, to give the material a definite status and a name (in his 
patent it was called “Portland Cement’ from its resemblance to 
the building stone from the Isle of Portland) through his patent 
which he designated as 


“An Improvement in Modes of Producing an Artificial 
Stone” 


and wherein he described a method of making a cement or artificial 
stone for stuccoing buildings, waterworks, cisterns, or any other 
purpose to which it may be applicable; he made a specific mixture 
of limestone and clay which he calcined in a kiln until the carbonic 
acid was entirely expelled; it was then ground to a powder and 
the powder was mixed with water to the consistency of mortar and 
applied to the purposes required. 

In 1825 Aspdin established a factory at Wakefield, England. 
1828 Aspdin cement was used in the Thames Tunnel. 

The manufacture of Portland Cement was well established 
in England by 1850 and was well under way in Continental Europe 
in 1855. 

* Natural cement was first made in this country in 1818, but it 
was not until 1872 that Portland Cement was produced at Coplay, 
Pa., by David O. Saylor. 

Natural cement reached its maximum production in 1899, 
after which Portland Cement, because of its superior hydraulic 
qualities and strength and the economy resulting from its use, be- 
gan to supplant it as a building material. The use of Portland 
Cement increased, until in 1923 the consumption in this country 
reached the undreamed total of more than one hundred and thirty 
million barrels. 

The most important factor in the development of the Portland 
Cement industry was the introduction of the rotary kiln; although 
patented by Frederick Ransome in England in 1885 it was devel- 
oped and perfected in this country. 

Until the advent of this kiln cement was manufactured in 
vertical or shaft kilns. These were economical as regards fuel but 
required a great deal of labor in handling the clinker. Since fuel 
was relatively cheap and labor expensive the rotary kiln was found 
to be the more economical in this country and it was also found 
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that the resulting product was more uniform in quality. With in- 
creasing labor costs in. Europe, the home of the vertical kiln, the 
use of the rotary kiln gradually increased, and now its use is good 
practice all over the world. 

The element of suspicion as to quality found expression at the 
meetings of the Engineers’ Club in Philadelphia in the early nine- 
ties, where it was predicted that concrete made with rotary kiln 
cement would disintegrate in five years. 

Skepticism has accompanied all the various uses and applica- 
tions of cement and concrete and is no new thing in this industry. 
But in spite of skepticism it gradually developed, and grew into a 
great industry. 

The history of the development of the Art of making cement 
has been a most interesting one, especially as regards its applica- 
tion in building; the embedment of metal to greatly increase its 
resistance of tensile stresses, gave to the material an unbelievable 
applicability. 

In 1850 Joseph Gibbs obtained a British patent for casting 
solid walls of concrete in wooden forms. 

Although Joseph Monier, a French gardener, used a reinfore- 
ing frame work or skeleton of metal in the construction of concrete 
garden pots, tubs and tanks, his experiments were antedated by 
Lambot, who constructed a small reinforced-concrete boat in 1850 
which he exhibited at the Paris exposition in 1855; in the same 
year Coignet announced his principles for reinforcing and pro- 
posed the construction of beams, arches, pipes, ete. 

Both Coignet and Monier had exhibits at the Paris Exposi- 
tion in 1867. In that year Monier took out his first patent on 
reinforcement, principally two-way reinforcement of slabs, but his 
system was not put into general use until after 1880, although he 
exhibited it at the Antwerp Exposition in 1879. 

In 1884-5 German-American rights were acquired by German 
engineers ; one of these, G. A. Wayss, and John Bauschinger pub- 
lished in 1887 the results of their experiments and investigations 
of the Monier system. 

The work of Thaddeus Hyatt, an American who made beam 
tests in Kirkaldy’s laboratory in England in 1876 and 1877, had a 
pioneering influence on the development of the art. Hennebique 
built reinforced-concrete floors as early as 1879. It was not, how- 
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ever, until 1892 that he obtained a patent for his system of rein- 
forced-concrete construction. 

Melan originated his system in the 90’s. 

Between 1891 and 1894 Moeller in Germany, Meunsch in 
Hungary and Melan in Austria were pioneers in the development 
of the art of reinforced-concrete construction in Europe. 

In 1866 C. S. Hutchinson obtained a United States patent 
for hollow block and brick walls which formed continuous verti- 
cal air spaces. In 1874 T. B. Rhodes also obtained a United 
States patent for shingles and hollow blocks. 

Patents were granted in this country to C. W. Stevens for 
the manufacture of artificial stone by the sand mold process, and 
to J. C. McClenahan for artificial stone, in 1902. 

The first wholly reinforced-concrete structure was the W. E. 
Ward house in New York erected in 1875. 

The first concrete bridge in this country was built in Prospect 
Park, Brooklyn, N. Y., in 1871. The Erie Railroad is said to 
have lined its first tunnel with concrete in 1874. 

Messrs. H. V. Jackson, G. W. Perry and E. L. Ransome made 
actual demonstrations of Reinforced-Concrete on the Pacific Coast 
as early as 1877. 

Mr. Ernest L. Ransome took out his first patent in 1882 and 
constructed his first reinforced-concrete Building, in 1884, in which 
year he made experiments on reinforced-concrete beams and re- 
ceived a patent on his system of floor construction. 

In 1905, when this Institute had its birth Reinforced-Con- 
crete was just beginning to be used to a considerable extent as a 
structural material for buildings and other structures. 

The effort to introduce this material was resisted by those 
who raised doubts as to the safety of such construction ; the build- 
ing codes were unfavorable and the cost of construction so high as 
to make it at first unattractive to the investor. Concrete on the 
other hand was considered very satisfactory for side walks, and 
massive masonry foundations. 

The American Society of Civil Engineers had appointed a 
Committee on A Uniform System of Tests of Cement which pre- 
sented a report in 1885 and the methods of tests therein recom- 
mended served as a basis for specifications until 1896 when the 
speaker inspired a series of editorials in the Engineering Record 
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which called attention to the inadequacy of the 1885 rules and led 
to the appointment in 1897 by the Society of a new “Committee 
on the Proper Manipulation of the Tests of Cement.” 

Tn 1898 the American Society for Testing Materials appointed 
a Committee on Standard Specifications for Cement and in 1912 
there was created from among the several departments of the 
Government, the Departmental Conference. 


The recommendations of these Committees differed and 
“in order to secure uniformity in specifications for Ce- 
ment’? Committees representing the three organizations 
met in October, 1912, and formed the Joint Conference 
on Uniform Methods of Tests and Standard Specifications 
for Cement.” : 


This Conference Committee presented its report to its constit- 
uent organizations in June, 1916. 

In time the specification resulting from this Conference was 
adopted with shght modification as the American Standard Specifi- 
cation for Portland Cement. 

You are familiar with the years of effort of these Committees 
and it is not necessary to burden you with their detail. 

The desire expressed in the above mentioned effort to secure 
proper workmanship and materials in building construction, was 
prevalent also in days of ancient Rome. 

Vitruvius writing in the first century after Christ describes 
in his work on Architecture how to make concrete pavements 
and floors and walls around wells. 

He specified that,— 


“In the first place the purest roughest sand that can be 
had is to be procured; then material is to be prepared 
of broken flint, where no single piece is to weigh more 
than one pound; the lime must be very strong, and in 
making it into mortar, five parts of sand are to be added 
to two of lime; the flint work is combined with the mor- 
tar, and of it the walls in the excavation are brought up 
from the bottom and rammed with wooden bars covered 
with iron.” 


When this Institute was organized the first Joint Committee 
on Conerete and Reinforced-Concrete had just been organized 


AMERICAN CONCRETE INSTITUTE. 29 


(summer of 1904) and was beginning the very important work 
of preparing its recommendations for these materials which were 
to serve as a basis for the specifications that have been prepared 
by the Second Joint Committee, the Joint Committee on Standard 
Specifications for Concrete and Reinforced-Concrete. 

The cast iron molding machine for forming cement mortar 
blocks for building purposes was being extensively developed and 
marketed. In 1902 there was but one machine on the market; 
at the Convention in 1905 there were 21 block machines on exhibi- 
tion. ‘These blocks were expected to revolutionize building because 
their durability and resistance to fire was expected to secure for 
the building in which they were used, so material a reduction in 
the fire insurance that they would largely replace wood and other 
building materials. 

A competitive market with a serious lack of standard practice 
has resulted in conditions so very unsatisfactory for the industry 
that by the summer of 1904, Mr. Charles C. Brown the Editor of 
Mumeipal Engineering, at the suggestion of Mr. A. 8. J. Gammon 
of Norfolk, Va., who was interested in making blocks, undertook 
the organization of the first Convention of 1905. An editorial in 
the September issue of Municipal Engineering gave publicity to 
the idea and requested the opinion of those interested as to the 
advisability of forming such an association. There was a hearty 
response that assured the success of the movement. In the week 
of October 3, 1904, during the Engineering Congress at the Louis- 
jana Purchase Exposition, St. Louis, an informal meeting was 
held-by those interested. 

The original suggestion was to form an association by the 
manufacturers of cement block machines to educate the users of 
such machines as to the proper methods of making blocks to imsure 
good results. 

After the informal meeting in St. Louis the scope of the 
organization was extended to cover the various uses of cement for 

the purpose of bringing about a better knowledge of the art. 

The convention was held in the Claypool Hotel, Indianapolis. 
Ind., January 17-19, 1905; the attendance was about 600 and 47 
firms exhibited their products. 

The speaker well remembers, while at the St. Louis Exposi- 
tion, where he was at that time in charge of the Collective Port- 
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land Cement Exhibit and Model Testing Laboratory, his reluc- 
tance in accepting the invitation extended to him by Mr. Brown 
to address the convention on the uses of cement, because of his 
impression that it was to be a trade meeting. He was not sur- 
prised on arriving at the convention to find that those present 
were largely interested in the manufacture and use of cement 
building blocks and the materials and machinery required. 

At its first meeting the convention decided to form an associa- 
tion and appropriate committees were appointed for effecting a 
permanent organization. The Constitution adopted provided that 
the name of the organization should be the “National Association 
of Cement Users,” and that its objects 


“shall be to disseminate informatio and experience upon, 
and to promote the best methods to be employed in the 
various uses of cement, by means of conventions, the read- 
ing and discussion of papers upon materials of a cement 
nature and their uses, by social and friendly intercourse 
at such conventions, the exhibition and study of materials, 
machinery and methods, and to circulate among its mem- 
bers by means of publications the information thus ob- 
tained.” 


The Constitution also provides that,— 


“a candidate for membership must be a company or per- 
son engaged in the construction or maintenance of work 
in which cement is used; a company or person who is 
qualified by his business relations or practical experience 
to cooperate in the purposes of this Society, though not 
himself engaged in the use of cement, and may be a manu- 
facturer of, or a dealer in machinery or supplies for ce- 
ment users; or a man who has attained eminence in the 
field of engineering, architecture or applied science, who 
is interested in cement and its uses.” 


In the nomination of officers there was trouble; there were 
two groups of block manufacturers, one interested in “The Palmer 
Patent,” and another interested in various other patents. The 
speaker has a vivid recollection of answering the telephone in his 
room in the Claypool Hotel at 3 o’clock in the morning and being 
requested to come at once to the Columbia Club on a vital matter. 
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On arriving at the Club he was ushered into a private room thick 
with smoke, filled with a lot of weary but intensely alert men. He 
was told that they had agreed upon his nomination for the presi- 
dency but wished his assurance that he would adopt the policy they 
had agreed upon. You can doubtless imagine the speaker’s for- 
cible reply and his opinion of men who would pull him from his 
bed at that hour to offer him something with strings to it. He 
flatly refused to accept. Later in the morning it was again prof- 
fered unconditionally. He remembers his deliberating the matter 
of acceptance and concluding there were great possibilities in such 
an organization. 

The presiding officer at the opening meeting was John P. 
Given, of Circleville, Ohio, a representative of the opponents of 
the Palmer patent; the opposition of the advocates of the Palmer 
patent resulted in the selection of an engineer as President; a tacit 
recognition of the neutrality of this class of professional men. The 
first Board was largely composed of either block makers or block 
machinery manufacturers. ‘The papers at the first convention— 


“Coloring of Concrete” 

“Testing of Cement Blocks” 

“The Dry Mixture of Concrete” 

“Practical Work of Constructing Sidewalks” 
“The Water Proofing of Concrete Blocks” 
“Waterproofing Concrete” 

“Cement Posts” 

“Mortar Sand” 


were largely those devoted to the manufacture and use of cement 
blocks. 

The Standing Committees during the first five years had 
assigned to them,— 


“Concrete Blocks and Cement Products” 
“Streets, Sidewalks and Floors” 
“Reinforced-Concrete.” 

“Art and Architecture” 

“Testing Cement and Cement Products” 
“Machinery for Cement Users” 
“Roadways” 

“Fireproofing and Insurance” 
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“Building Laws and Ordinances” 
“Exterior Treatment of Concrete Surfaces” 
“Specifications for Cement Products” 


Among the first standards adopted were those for 


Portland Cement Sidewalks 
Cement Hollow Building Blocks, and 
Building Regulations. 


The impetus resulting from the steps taken to organize the 
National Assofiation of Cement Users led to the formation of the 
Northwestern Cement Users’ Association, the lowa Association of 
Cement Users and the Nebraska Association of Cement Users. 

The major topic at the early conventions was the cement block. 
The speaker from the start held the vision of an organization that 
would be to the cement industry what the British Iron and Steel 
Institute was to the steel industry. But progress in those earlier 
years was slow and at times difficult; there was much opposition 
and a decided reluctance on the part of Engineers and Architects 
to join the Association since the use of cement for building pur- 
poses was largely confined to pavements and to mass and founda- 
tion work in which they were but little interested. 

The advocates of cement blocks were believers in dry mixtures 
for the reason that in the then state of the art a dry mixture was 
believed to be necessary in making cement blocks. In order to 
cheapen the product mixtures as lean as 1 to 8 were used which 
enabled the maker to sell them at an attractive price. 

It was then the practice to mix concrete to the consistency 
of damp earth so that after considerable vigorous tamping the 
water would just flush to the surface of the concrete. 

The speaker well remembers that his vigorous advocacy of a 
wet concrete developed such an opposition at the Milwaukee Con- 
vention that a delegation waited upon him to inform him that un- 
less he agreed to cease his advocacy of wet concrete he would not 
he supported as a candidate for President. The speaker did not 
cease his campaign of education nor was he defeated. 

In his capacity as President the speaker broadened the pro- 
gram each year and other topics than cement blocks were discussed, 
such as matters of design, details of construction, and the develop- 
ment of standards. 


_ 
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A review of the publications of the organization will show the 
transition in the character of the papers presented. 

Gradually the character of the work of the Association changed 
and it became apparent to the speaker that the name was no longer 
indicative of its work and he accordingly recommended the change 
of name to the American Concrete Institute, which change was 
made July 2, 1913. 

It should be borne in mind that at the time of the formation 
of the National Association of Cement Users, those interested in 
the use of cement—other than for mass and foundation work— 
were the small users in sidewalk construction and building blocks. 
The latter branch of the industry was then enjoying a boom as 
a result of the activities of the block machinery manufacturers, 
and many were engaging in the manufacture of blocks who knew 
little of the material. It was because of this need, and to pro- 
mote uniformity in the blockmaking art, that the first Conven- 
tion was held. 

As time went on these members gradually learned proper 
methods, and their interest lagged and they discontinued their 
membership. In their places came members who for the most part 
were interested in the industry as a whole. 

Fortunately this broadened activity for the Institute was its 
salvation. The cement block made of a dry and lean mixture 
proved unsatisfactory and the block industry experienced a period 
of great depression during which the block fell into disfavor. 

In those days the Association was held together by the devo- 
tion and determination of a small band of pioneers whose unselfish- 
ness and faith in the future of the organization kept it alive until 
the record of its accomplishments and the recognition of its work 
created a new interest, and its membership under the very intelli- 
gent and determined efforts of its officers began to grow; it has 
recovered the losses due to the depression in the block industry 
and it is now enjoying that healthy increase in membership which 
is characteristic of a live organization; its future is assured. 

The great opportunity the Annual meetings of the Institute 
afford for fraternization and exchange of information among those 
interested in the industry, cannot be over-estimated. It has done 
much to stimulate interest in the industry, and has thereby greatly 
stimulated its growth. 
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The goodfellowship that developed in the earlier days brought 
men together year after year and made the annual conventions 
reunions. Another fact which has somewhat retarded growth in 
membership was that the relatively new industry of reinforced- 
concrete construction attracted young men who could not afford 
to spend the money required in attending a Convention; as time 
went on these men became more prosperous and began to attend. 
Architects and Engineers interested in other structural materials 
looked askance at this new material; their technical interest was 
in older organizations and they could not, therefore, readily be- 
come interested in a new organization. As the work of the Insti- 
tute became more widely recognized men in the industry found 
it to their interest to attend the Annual Conventions because of 
the valuable information that could be obtained in the interchange 
of views as to the best methods of procedure. 

The Cement Show was a tremendous power for good; its edu- 
cational work and stimulation of inventive genius leading to im- 
provements in the art, cannot be adequately appraised. 

It was a great burden courageously assumed by the officers of 
the association and carried successfully until the Cement Products 
Exhibition Company organized as a commercial enterprise and 
relieved it of part of the burden. The Association arranged its 
conventions coincident with the Show. There came a time when the 
need for such exhibitions was passing; the Exhibition Company 
decided to discontinue them and none have been held since 1916. 
The present exhibit is the first the Institute has held since 1909. 
Although the present exhibit is of a different character, being 
largely a historical exhibit, it is intended to be educational and an 
exposition of the development of the Art. 

The value of the exhibitions in connection with these con- 
ventions should not be lost sight of. They undoubtedly did much 
to popularize the use of cement and greatly stimulated its con- 
sumption. 

The amount of membership dues of the Institute of $5.00 per 
annum was never sufficient for its needs; and in addition to rais- 
ing the dues to $10.00 per year, it became necessary to raise the 
very considerable sum of $12,000. This the speaker undertook in 
1912 and was successful in raising a fund of more than $18,000 
which was the means, under the wise and conservative guidance 
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of its officers who have devotedly, loyally and unselfishly admin- 
istered its affairs, of placing the Institute in its present healthy 
and prosperous condition. 

The speaker cannot refrain from availing himself of this oppor- 
tunity to express his personal thanks for and appreciation of the 
splendid and substantial response to his appeal for funds for the 
support of the Institute in the most critical period of its existence. 
He has the greatest admiration for the men whose broad vision 
led them to come to the rescue, and he is very grateful that he 
was able thus to obtain the funds necessary for caring for the 
deficit and providing for the future, so that at the close of his ten 
years of service as President he could turn over to his successor 
a going concern, in sound financial condition. 

The dangers of commercialism which beset the infant organi- 
zation during its earlier years were safely passed, and in its twen- 
tieth year it faces the future with an established, honorable posi- 
tion and a prestige resulting from a worth while past. 

During this trying period many were the doubting Thomases 
whose gloomy belief was that the days of usefulness of the insti- 
tute were over. 

Our British sister Institute went through a similar period 
but met the situation there by a change in the constitution and, 
in name from “The Concrete Institute” to “The Institution of 
Structural Engineers” so as to include in the membership struc- 
tural steel engineers. 

The growth of the Institute has kept pace with the develop- 
ment of the industry. At the time of its formation the production 
of American portland cement was about one million barrels; it is 
now over hundred and thirty-seven million barrels, an increase 
of 137 times that sum. 

The attitude of the public is well illustrated by the cement 
sidewalk. The speaker well remembers the earlier days when 
sidewalks were regarded as undesirable and many were the objec- 
tions to them. A badly laid sidewalk that cracked was immediately 
cited as evidence of its unsuitableness as contrasted with flagstone, 
brick or even wood. But the intrinsic value of cement sidewalks, 
as regards first cost, upkeep and smoothness of surface, and usea- 
bility in all weather, has overcome captious criticism. 

So it has been for the various new uses for concrete. 
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The use of cement in the manufacture of artificial ornamental 
stone antedated the birth of the Institute. 

The art has advanced greatly since that time and artificial 
stone is now produced having a texture superior to that of natural 
stone and for much less money. When the carving of natural stone 
is considered it is found that artificial stone cast in the most intri- 
cate design costs materially less money. 

While it was used in the early eighties for sidewalks, no one 
at that time had attempted to use concrete for roads. The speaker 
inspected roads laid in Vienna in 1906. The first concrete road 
in the United States so far as the speaker is informed was built 
iLO e. 

The concrete road has gradually demonstrated its undeniable 
superiority over other road materials and is now recognized as the 
premier material. 

The First Concrete Road Conference was held in Chicago in 
February 1914; at this conference there was manifested a wide- 
spread desire for information; at the Second Conference held in 
Chicago in February 1916, it was evident that the use of port- 
land cement for roads was well established and that the problem 
was only a matter of details of construction. 

The consumption of Portland Cement for roads and highways 
has attained a total of 28,000,000 barrels of which more than 18,- 
000,000 are used for roads. 

The reinforced-concrete pavilion in Spanish mission style, 
which was the main feature of the Collective Portland Cement 
Exhibit in the St. Louis Exposition in 1904 was regarded as a 
curiosity, a new thing, although reinforced-concrete buildings had 
been erected for some time in this country. 

Reinforced-concrete had advanced from a largely experimental: 
stage to that of a preferred material for buildings not only on 
account of its low cost of construction and maintenance but also 
because of its resistance to fire and other destructive agencies. 
There was an early belief that it was a seasonal material and could 
not be used in cold weather. The art has so advanced that it is 
now used all the year round. 

A building of concrete formerly required a much longer time 
to erect than did a similar one of steel; but now it can be erected 
with as great and generally greater speed than the steel building. 
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Many will recall the building code fights especially in New 
York where producers of competitive materials, sensing the growth 
of a dangerous rival, endeavored to have requirements written in 
to building codes to handicap this material and practically pre- 
vent its rise. ‘The restrictions were so great that concrete build- 
ing construction was not possible in Manhattan and but few struc- 
tures were erected in the territory outside of Greater New York. 
The pioneer work done by Henry C. Turner, Leonard C. Wason, 
A. L. Johnson, Roos F. Tucker and others in courageously and 
persistently working to secure contracts for reinforced-concrete 
buildings and in securing better code provisions, has borne fruit 
beyond. belief. 

The construction of bridges afforded an excellent field for the 
use of concrete; it was found that durable, attractive, artistic, 
economical structures could be constructed of reinforced-concrete 
and gradually concrete bridges began to be built. At first they 
were a novelty but as they increased in number and length of span, 
they were accepted as a matter of course. 

Fence posts were considered at the first convention but the 
few that were made were costly, unsatisfactory and not particularly 
durable. The art has now advanced to where they are not only 
in general use but their proved economy as to cost of maintenance 
and the superior character of the resulting fence renders them 
preferable where durability and low maintenance are considera- 
tions. 

Another forward step in the development of concrete was its 
introduction on the farm. The concrete silo besides being durable 
and fire resistive was found to keep the ensilage in better condi- 
tion than the ordinary silo and its use for this purpose became 
popular among farmers. 

The feeding floor for stock was also found economical as re- 
gards the feed and the health of the stock. Then followed its use 
for sanitary cow barns, chicken houses, drain tile, etc., in all of 
which uses concrete proved to be both cheap and durable. 

An early use of concrete was in connection with sewers; such 
use was, however, confined to pipes of the smaller sizes. As the 
knowledge of reinforced-concrete increased, the size of sewers in- 
creased, and it is now found that reinforced-concrete is the most 
economic material for such purposes. It is of demonstrated value 
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for ordinary pipes and conduits, and for high-pressure pipes it is 
entering a new and increasing field. Cement products are meeting 
with favor both as to durability and low cost. Cement is being 
used in the manufacture of telephone poles, and battery cells; it 
is in demand for use in tanks, reservoirs, dams, walls and abut- 
ments and in fact for all purposes where structural materials are 
required. 

The criticism of the behavior of cement in sea water has been 
general in the last twenty years and efforts have been made to 
inaugurate an elaborate investigation of the subject. It has always 
seemed to the speaker that such critics lose sight of one very impor- 
tant factor, viz., that, of all the structural materials used in sea 
water, concrete has the best record. Generally the so-called failures 
of concrete have resulted from its improper use and from bad work- 
manship. ‘There are many examples of structures of concrete that 
have been erected in sea water and are still in excellent condition. 
Such failures as are reported occur in the structure between the 
range of the tides—there have been few if any failures that have 
originated below low water. Certainly it is a fact that during the 
last twenty years an increasing number of concrete structures have 
been built in sea water. 

During the war the great need for ships led to the use of 
reinforced-concrete for this purpose; but for demonstration of the 
value of the concrete ship, the war terminated too quickly. It was 
hardly to be expected that such a new and special application could 
be wholly successful at its first trial. There was the strong opposi- 
tion of the users of competitive materials, and the prejudice of 
shipping men. While recognizing that a battleship built of steel 
many times heavier for equal bulk than concrete, floated and was 
sea worthy, nevertheless they could not recognize concrete, an arti- 
ficial stone, as capable of floating. 

In the opinion of the speaker the time will come when rein- 
forced-concrete will be used for shipbuilding and will prove eco- 
nomical as to first cost, durability, and cost of maintenance. What 
other material could have withstood so successfully the merciless 
pounding of the waves as has the Pollias which was driven on the 
rocks off the coast of Maine more than five years ago and is still 
intact. 
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An important factor which should not be overlooked in the 
analysis of the development of the concrete industry is the stimu- 
lation of that industry during the period of the war. 

The production demanded to meet the requirement of the 
overseas forces was so great that restrictive orders were necessary 
to curtail building to that which was essential for winning the war, 
or to meeting civilian necessities. 

The requirements for pig iron in the manufacture of muni- 
tions of war were far beyond the productive capacity available, 
so that it was necessary to use other material than steel for build- 
ing wherever possible. Reinforced-concrete construction was 
required by the Building Materials Division of the War Industries 
Board, and this of necessity led to it use by those accustomed to 
the use of structural steel, and also for purposes for which it had 
not been generally used heretofore. 

The use under these conditions of duress compelled a trial 
of the material which afforded an opportunity for demonstrating 
its intrinsic merits as to economy of construction, durability, fire 
resistance and economy of maintenance. Where the material was 
thus used there generally has been no desire to return to other 
materials and this has been a factor in increasing the use of cement. 

The war also gave a tremendous impetus to the use of the 
motor truck. The inability of the railroads to handle the traffic 
made the use of the motor truck imperative ; and this term necessi- 
tated suitable hard roads which led to a further and widespread 
use of concrete. Wherever this material has been used for such 
purposes the satisfaction of the user is so great that the general 
demand for these roads is far in excess of ability to supply them. 

Concrete continues to be one of the most satisfactory of the 
materials available for fire resistive construction. Since the Con- 
erete Institute was founded a number of notable events have tested 
the properties of concrete in its resistance to fire and earthquake. 
The San Francisco fire following a disastrous earthquake afforded 
some measure of the value of the resistive properties of Concrete. 
although the number of concrete structures was not large. But 
such buildings as existed satisfactorily withstood both the fire and 
earthquake. Although it is perhaps too soon to draw conclusions 
(because all the facts are as yet not available) concerning the 
recent Japanese earthquake and fire, yet it appears from present 
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facts that a relatively poor concrete stood the earthquake and fire 
test in a very satisfactory way. Concrete, as a result of this test, 
is established more firmly than ever as a suitable material for such 
purposes. ‘The Edison fire was perhaps the most outstanding test 
of the’ fire resistive properties of concrete. No similar test is re- 
corded. It is the consensus of opinion of those who investigated 
the condition of the concrete of the buildings of the Edison plant 
after the fire that its behavior was wholly meritorious. The failure 
of other building materials under’ the test of that fire was in 
striking contrast to the resistance of the concrete. 

Two other fires that may be mentioned as contributing to our 
knowledge of concrete are the Far Rockaway Fire and that in the 
plant of the Barrett Company in Philadelphia. In both of these 
fires it was evident that serious damage was done to concrete com- 
posed of quartz aggregate under the condition of a very intense 
rapidly developed fire. 

These tests confirming the statements of Prof. Ira H. Woolson 
based upon the results of his experiments made under the direction 
of the Sub-Committee on Tests of the Joint Committee on Con- 
crete and Reinforced-Concrete as reported in the Proceedings of 
the American Society for Testing Materials (Vol. V, 1905, Vol. VI, 
1906 and Vol. VII, 1907) and the later investigations presented in 
his report on the Far Rockaway Fire. Subsequent investigations 
of Thames Ballast by the British Fire Prevention Committee and 
the still later investigations by the Bureau of Standards confirm 
these conclusions. 

The work that has been done since the founding of the In- 
stitute both in research in the laboratory and the intensive study 
by Committees has advanced the knowledge of the properties of 
both concrete and reinforced-concrete in matters of design and 
application. 

The educational value of the report of the first Joint Com- 
mittee on Concrete and Reinforced-Conecrete can hardly he esti- 
mated. Its recommendations went a long way toward establish- 
ing confidence in this material and as its use began to grow its 
demonstrated intrinsic merits became apparent and still further 
enhanced this confidence. 

In time it became evident that these recommended practices 
should be crystallized in definite specifications for Conerete and 
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Reinforced-Concrete for use in contracts and also as the basis for 
building codes, thereby still-further standardizing good practice 
and thus advancing the Art. 

The Joint Committee on Standard Specifications for Con- 
crete and Reinforced-Concrete was organized in 1921 and after a 
year submitted a tentative specification which it is expected will 
be adopted as Standard during the current yeaf. 

Perhaps the most signal advance made, has been in the field 
practice of mixing and placing concrete; the tentative specifications 
for concrete and reinforced-concrete with the requirements relating 
to the quality of concrete, which caused the field investigations that 
are now in progress, have done more than any other agency to 
stimulate better field practice. 

The speaker is very grateful for the opportunity for service 
that fell to his lot as Secretary of the Committee on Uniform 
Methods of Tests of Cement,—as Secretary of the Committee on, 
Standard Specifications for Cement, and also of the Joint Com- 
mittee on Concrete and Reinforeced-Concrete, and as Chairman of 
the Joint Committee on Standard Specifications for Concrete and 
Reinforced-Concrete. 

The growth of the Cement industry in the last twenty years 
naturally is a reflection of the use of cement in building and it is 
probable that this increase has been largely in building and espe- 
cially in the construction of concrete roads. 

The per capita consumption of Portland Cement for the year 
1904 as given in the statistical reports of the U. 8. Geological 
Survey was 26,699,350 bbl.; in 1914 it was 84,418,665 bbl., while 
for last year it is estimated to be 137,000,000 bbl. The increase 
from 1904 to 1914 was over 200 per cent; and from 1914 to 1923 
it was about 60 per cent. 

It is interesting to know that early experimenters sought to 
recover the “so called” lost Roman art of making cement; in the 
centuries that have elapsed since Rome was the Imperial City, 
Portland Cement resulting from such researches has come into 
existence; and the old Roman cement only bears a relationship to 
natural cement similar to that which natural cement bears to Port- 
land Cement. 

The recently created Committee of the American Society of 
Civil Engineers on Cement and the cooperative researches about 
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to be inaugurated by the United States Bureau of Standards and 
the Portland Cement Association will’turn the scientific mind more 
particularly to the constitution of Cement and farther improve- 
ment in its quality may be made. 

The increase in the production of Portland Cement has been 
little short of marvelous. In the early nineties when the speaker 
began his career in the Cement industry, only a lmited quantity 
of American Portland Cement was produced; a very large quantity 
was imported from Germany and other foreign countries; the pro- 
duction in the United States was only about 25 per cent of the 
world’s production. Today that percentage has so grown that the 
production of this country is greater than the combined produc- 
tion by all the other countries; and the maximum of American 
produetion is not yet in sight. ; 
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CHAIRMAN HUMPHREY.—During this remarkable period of 
progress there has been a prominent figure—a man well informed 
on the industry—and engineer whose devotion to it is second to 
none—a most active and helpful member of a nwmber of Technical 
Committees—for a number of years Chairman of ws Technical 
Problems’ Committee and now the honored Chief Huecutive of 
the Portland Cement Association. 

A man whom the Institute is fortunate in having as a speaker 
and who is peculiarly qualified to address you on 

“Oement the Magic of Concrete.” 


It is my privilege and pleasure to present 


Mr. F. W. KELiry. 


CEMENT IS THE Macaic or CONCRETE. 
By F. W. Keitiry 


PRESIDENT, PORTLAND CEMENT ASSOCIATION. 


HE efforts of man to find a binding material for use in build- 
* L ing, started with the prehistoric Better Homes movement, when 
primitive man moved from the most desirable cave to the detached 
villa of mud or of stone. Imposing monuments to his deity also 
needed a binder. 

Large deposits of silicious clays containing alumina are widely 
distributed throughout the world, while lime exists in some form 
wherever the seas have covered. Man found, probably by acci- 
dent, that one, or better still, both of these materials were desirable 
chemical elements in a satisfactory binder. 

In the production of these binders heat has been used, first in 
the early sun dried muds, later in the moderate temperatures 
needed for burning lime and for natural cement, and finally in the 
white heat required for making portland cement. 

In the use of all these binders or cements, water has been 
essential. os 

It is a long and interesting history upon which we can only 
touch lightly. 

The Egyptians used as mortar in the great pyramid, gypsum 
binder made by lightly burning the crude gypsum rock, of which 
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the blocks in the pyramid are composed. This would be satis- 
factory only in a climate like that of ancient Kgypt. 

The Romans added to powdered lime a silicious material of 
voleanic origin, and gave to the mixture the name of puzzolanic 
cement: 

The English burned and ground what were known as “Sep- 
taria Nodules,’”’ containing lime and silica, dredged in certain locali- 
ties, and called it “Roman” cement. 

Natural cements were produced’ in many countries, from nat- 
ural rock, which experience showed was of suitable composition, by 
lightly burning it to drive off the combined carbon dioxide, and 
grinding it to a coarse powder. 

It was not until Smeaton’s investigation about 1756, in con- 
nection with the re-building of the Eddystone Light House, that 
the records showed some knowledge of chemistry, and of the reason 
for the property of hardening both in air and in water possessed 
by the so-called hydraulic cements containing both lime and silica 
with certain other materials. 

In October, 1824, nearly one hundred years ago, Joseph 
Aspdin, an Hnghsh bricklayer, took out a patent on what he called, 
portland cement. As is well known, the name portland was given 
because of the similarity of this cement when set to the building 
stone quarried on the Isle of Portland, England. Aspdin did not 
understand the reason for the results which he obtained, and it re- 
mained for Isaac Johnson, also an Englishman, to develop and per- 
fect methods by which a uniformly reliable product could be ob- 
tained. 

The definite control of the raw mix, and the extreme high 
temperature of burning, which distinguish portland cement manu- 
facture, were now brought into practice for the first time. 

The production of portland cement developed rapidly in Eng- 
land from about 1850, spreading about the same time to the conti- 
nent, where it made marked progress in both Germany and France. 

In the United States portland cement was imported until 
about 1872, when its manufacture was begun on a very small scale. 
A number of attempts were made in widely separated places to get 
the required results, under the conditions existing in this country. 

Portland cement manufacture as then practiced in England 
and upon the continent, used as raw materials principally soft, 
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finely divided muds and clays, having the necessary chemical con- 
stituents. ‘These materials were moulded into brick, which were 
burned in vertical kilns, and when cooled, were hand sorted and 
ground to finished cement. 

In the United States there was little or no raw material of the 
European kind, while the relatively high cost of labor made the 
European methods of handling too expensive. American raw ma- 
terials required the development of grinding machinery which could 
economically reduce hard rock to the extreme fineness required in 
preparing the raw material for portland cement manufacture, while 
American economic conditions forced a method of burning which 
eliminated hand labor. American inventive genius solved the 
grinding problem, while the burning was accomplished through the 
use of the rotary kiln. This device, invented in England, was 
perfected and put into practical use in this country. 

The development of the portland cement industry in the 
United States has been largely due to five factors: 


First. The systematic application of chemistry, making 
possible the use of many different kinds of raw materials, all 
having the necessary chemical composition. 


Second. The development, of efficient grinding machin- 
ery to reduce hard raw materials to proper condition for the 
raw mix. 


Third. The development of the rotary kiln producing a 
uniform well-burned clinker with relatively cheap fuel, and 
eliminating hand labor. 


Fourth. The development of standard specifications, es- 
tablishing minimum requirements for the product; permitting 
its manufacture from widely different materials, in places 
reasonably near to centers of consumption, and insuring a 
reliable cement, at all places, at a reasonable cost. 


Fifth. The systematic study of the best uses for con- 
crete, and best methods for making it, thus insuring as far as 
possible, the most economical and satisfactory results to users 
The manufacture of portland cement, as carried on in the 

United States, is an exact chemical-mechanical process, in which 
large quantities of raw materials are first combined in the right 
chemical proportions, and are ground to extreme fineness. The 
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proportioning of materials is accomplished in machines, under the 
constant control of chemists: The grinding is generally done in 
several stages by machines each suited to the particular kind of 
material handled and to the fineness to be reached. 

The raw materials when prepared and standardized chemically 
and physically are in all cases fed to rotary kilns. These are steel 
cylinders, rotated slowly about their axes, which are inclined 
slightly from the horizontal. The raw material fed into the upper 
end of the kiln, through the action of gravity combined with rota- 
tion, slowly works its way toward the lower or discharge end, meet- 
ing the hot gases of combustion from the flame of a mixture of 
powdered coal and air, which is constantly blown through the hood, 
covering all but a small aperture in the lower end of the kiln, 
through which the hot clinker is discharged. In some places oil or 
gas is used instead of pulverized coal. 

The effect of the hot gases upon the raw material is first to 
drive off the moisture and carbon dioxide. Next the materials 
slightly soften, and roll into balls of a size between that of small 
bird shot and that of walnuts. These nodules finally reach the 
white hot zone, where a temperature of about 2800 deg. F. is 
maintained. At this point a chemical change takes place in the 
nodules, which up to this time have been a mechanical mixture, 
and a new material known as portland cement clinker is formed. 

The slightly cooled clinker upon issuing from the kiln passes 
through some form of cooling device and is then ready for the 
final grinding which reduces it to the fineness of portland cement 
of commerce. 

It should here be noted that in order to secure the tempera- 
ture necessary for burning, plants using coal must maintain a 
separate grinding department, in which a large quantity of highly 
volatile bituminous coal is handled, dried and ground to extreme 
fineness, so that when blown into the kiln with a suitable propor- 
tion of air under pressure, it will at once provide the intense heat 
required to produce the chemical change, which gives to portland 
cement its ability to harden and meet the strength requirements of 
the specification. The quantity of coal or its equivalent needed to 
produce a barrel of portland cement in most plants approximates 
half the weight of the cement. 
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The cooled clinker is generally reduced by two stages of 
grinding, to the fineness required by the specifications, so that at 
least 78 per cent of the product will pass through a sieve hay- 
ing 40,000 meshes per square inch. This sieve is finer than most 
silks, and will hold water. In the final stage of grinding a 
small quantity of gypsum is introduced with the clinker to insure 


a setting time which will make the resulting concrete convenient 
to handle. 


MODEL OF TYPICAL CEMENT PLANT. 


The finished cement is carefully sampled and tested, to in- 
sure full compliance with the specification requirements, and is 
held in bulk in large storage bins until placed in weighed pack- 
ages for shipment. In most plants very large storage capacity is 
provided to care for variation in demand due to seasonal or other 
causes. 

There are over eighty distinct operations required in many 
plants to produce portland cement, although it should be under- 
stood that scarcely two cement plants are alike since each has 
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been designed to take its particular raw materials and by means 
which are as diverse as the materials, reach a substantially uni- 
form end. 

Rock used for making portland cement is drilled by power 
drills and shattered by explosives. The rock and other raw ma- 
terials are generally loaded by steam or electric shovels on cars 
and conveyed to the crushers. Coal is handled and stored by 
cranes or mechanical conveyors of some type. 

Huge crushers built on the principle of a nut cracker and 
exerting an enormous pressure accomplish the reduction of rock 
or other hard material, while machines operating on, the principle 
of pounding and rubbing, pulverize the several materials through 
the remaining stages to their final condition of impalpable powder, 
The initial crushing machines are generally slow speed, while the 
pulverizing machines may be high speed, when of the mortar and 
pestle type, or slow speed when of the ball and tube mill type. 
Similar types of machines are used for similar reductions in size, 
of raw materials, of coal, and of finished cement. 

The method of handling the raw materials with water differ- 
entiates the wet process from the dry process of making cement. 
Coal and clinker grinding operations are the same in_ both 
processes. 

The rotary kiln, which has been described, sometimes reaches 
a size equal in diameter to a standard Pullman car, and in length 
equal to three such cars, placed end to end. Some of the grinding 
machines weigh, with their load of grinding elements, as much as a 
large locomotive. ‘The mechanical conveying devices used for 
transporting the materials, horizontally and vertically include belt, 
pan, and screw conveyors, bucket and pan elevators, cranes, hoists, 
cableways, drags, skips, cars and compressed air. 

The cement when forwarded to the user is packed and 
weighed in pre-tied bags of special construction and is only touched 
by hand when placed in the freight car, truck or boat for shipment. 

Large amounts of power are required for the several grinding 
operations. The portland cement industry is one of the three in- 
dustries of the United States using most power per dollar value of 
product. In many cement plants the hot gases issuing from the 
kiln are used to make steam for power. 
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A well-equipped machine shop is an essential part of every 
cement plant, since the abrasive character of the raw materials, and 
of the finished product, which is capable of scratching glass, causes 
a very high rate of wear, and involves large repair costs. 

The capital investment in plant is high, the capital turn- 
over is slow, and manufacturers have had to rely upon a large 
volume of business to make profits on this commodity, which sells 
at a pound price lower than any other highly manufactured article. 

In 1890 there were sixteen plants in the United States produc- 
ing a total of 335,500 bbls. per annum, or an average per plant of 
about 21,000 bbls. per annum. In 1900 the number of plants had 
increased to fifty, the total production to 8,482,000 bbls. and the 
average plant production to 175,000 bbls. per annum. In 1903, 
just before the establishment of the American Concrete Institute, 
the number of plants had increased to seventy-eight, located in 
19 states, the total production being 22,342,973 bbls. and the aver- 
age plant production 285,000 bbls. per annum. In 1922 the number 
of plants was one hundred and eighteen, in 27 states; the produc- 
tion 114,789,984 bbls., and the average per plant, 972,000 bbls. per 
annum. 

In 1923 the total production was about 137,000,000 bbls. or 
375,000 bbls. per day. This daily output is greater than the an- 
nual production in 1890. 

The average annual output per rotary kiln in 1922, which is the 
last year for which official records are available, was 151,000 bbls. 
compared with 85,000 per kiln in 1910. 

It is estimated that the cement plants in the United States used 
in 1923 over 10,500,000 tons of coal, 4,700,000 bbls. of fuel oil and 
4,000,000,000 cu. ft. of gas. 

There are probably over 225,000,000 cloth sacks in service 
handling cement today. Over 60,000,000 sacks are lost or de- 
stroyed per annum. A strip of cloth 34,000 miles long and 30 in. 
wide is needed to replace them. Over 43,000,000 paper sacks were 
used during the*year. Over 38,000,000 bbls. of lubricants were 
used. 

For the kiln linings over 5,400,000 fire brick were needed, 
over 2,000,000 lin. ft. of belting were worn out, over 16,000,000 
Ibs. of explosives were used, and over 725,000 tons of gypsum were 


consumed. 
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The consumption of cement in the United States in 1903 was 
at the rate of 0.276 bbls. per capita. In 1923 this consumption 
was about 1.20 bbls. per capita. In 1922 there were seven states 
in which the per capita consumption averaged 1.66 bbls. per per- 
son. The consumption in the country in 1923 was at the rate of 
about 450,000 barrels per working day, 45,000 bbls. per working 
hour, 750 bbls. or five carloads per working minute and twelve 
barrels per working second. 

In 1923 the cement industry accounted for about 3 per cent 
of the tonnage moved by the railroads of the United States. 

In 1903 the world’s production of portland cement was esti- 
mated at about 66,000,000 bbls., of which the United States pro- 
duced about one-third. 

In 1923 the United States peodness about one-half the esti- 
mated production of the world as follows:. 


Unitted “States 20 pea eects 137,000,000 bbl. 
Germany and JAUStria, ae. 2 eke 30,000,000 bbl 
British. TM Pitre. aac pence mae 35,000,000 bbl. 
Brance andy Colonics. e>.;cge eae 12,000,000 bbl. 
Japanese Hmpirer so... . Sant eae ae 12,000,000 bbl. 
Belen: int Ciao ree eee ae 10,000,000 bbl. 
OMENS’ pica eRe ate ee ee 30,000,000 bbl. 

"PotaL pc sgoenaie ty. ooton eae ede 266,000,000 bbl. 


The quality of portland cement manufactured in the United 
States has constantly improved. The extreme 200-mesh fineness 
of today noted above, has superseded the coarser product which 
thirty years ago was measured only by 50- and 100-mesh sieves, and 
even 20 years ago the 200-mesh sieve was just about to be recog- 
nized. 

The present strength requirements of 200 lb. at 7 days and 
300 lbs. at 28 days for 1:3 sand tensile briquettes, are not only 
much higher than formerly, but are measured by methods which 
make the real increase in strength requirements at least 10 per 
cent more than shown by the figures. 

Thirty years ago 1:3 mortar strength of 65 to 80 Ib. at 7 days 
and 100 to 200 lb. per sq. in. at 28 days were considered reasonable. 
Twenty years ago 150 lb. at 7 days and 220 lb. at 28 days was the 
requirement of the U. 8. Army Engineers. 
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The requirements which make up the specification, were added 
from time to time, as experience showed that a cement which met 
the requirement gave good results in service. More recently most 
of the specification requirements have been checked by careful 
laboratory research. A cement which meets the specification re- 
quirements will give good results if used right. 

There has been also a marked improvement in the care and 
thoroughness of manufacture, and in the resulting uniformity and 
reliability of product. A requirement for membership in the Port- 
land Cement Association is that members’ product must be guaran- 
teed to meet the standard specification. 

Portland cement as manufactured in the United States is the 
result of the accumulated experience of a century, refined by mod- 
ern scientific methods of control and manufacture, and tested by 
time. 

The portland cement manufacturer deals with elemental forces. 
The force required to reduce the rock to a condition approaching 
its elementary fineness, must overcome the enormous earth pressure 
which compacted these rocks in the past geologic ages. 

The temperature of burning, which is among the highest 
known in large scale manufacturing operations, approaches the 
point where matter ceases to retain the forms with which we are 
familiar, and flashes forth as the flaming gases we see in the stellar 
cosmos. 

Quite appropriately out of this play of elemental forces there 
emerges a product—portland cement—which gives to man a 
creative power. 

In itself cement is only potentially useful. It cannot prac- 
tically be separated from its use. It cannot use itself. Man must 
use it, and anybody anywhere may attempt to use it. 

This fact has been a determinating one in the work of the 
cement manufacturers of the United States, who maintain the 
Portland Cement Association, an engineering service organiza- 
tion, national in extent, with 28 district offices placed near centers 
of consumption. Through its Structural Materials Research Lab- 
oratory and its field men, it is in a position to know the best prac- 
tices in concrete construction, and it gives freely advice and assist- 
ance to all who ask it. 
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Any man in this country can without expense learn how to 
use cement right. Careful attention to details and personal in- 
spection are needed to insure that the right methods are followed 
in coneréte work. 'The use of cement is both a science and an art. 

Cement has been called the magic powder or the magic of con- 
crete, and like the Jinn or Genii of the Arabian Nights tales, it 
requires careful control by its master if it is to behave properly. 
The cement manufacturer captures the Genii and locks him in the 
powder made from portland eement clinker, handing the key to the 
cement user in the form of water. He who uses this key assumes 
a responsibility which cannot be shirked. Instantly a tremendous 
force is unlocked. The everlasting grip of the Genii begins to en- 
velop the materials nearest at hand, and for all time there is re- 
flected in the resulting concrete the knowledge, care and thorough- 
ness of the user, in these first few hours after the force is released 
The user must supply proper aggregates and water, and use proper 
methods for mixing, placing and curing. He must help the Genii 
get the right kind of grip upon the right materials. 

The quality of the concrete produced has a significance be- 
yond that of the structure of which it is a part—it is a test of the 
man who created it. 

The American Concrete Institute grew out of the natural de- 
sire of cement users to compare experiences in the use of cement, 
and to profit from them. The Institute can be a most important 
factor in promoting the right use of cement and concrete. 

The continued expansion and development of the cement in- 
dustry in this country depends upon the general adoption of the 
methods for making concrete. 
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CHAIRMAN HumMpPHREY.—When in Rome it was my good for- 
tune to travel over some of the roads that had made that City 
famous—in jolting over the Appian Way—that an Englishman in 
the party thought was not the ’appier way”’—the speaker was 
remmded of travel on some of the roads in this country before 
the advent of the concrete road, in the early days of this Institute. 
Before and through this period, it has been my pleasure to know 
the next speaker, whose investigations and researches on the sub- 
ject give him the right to address you with authority and with a 
knowledge of the history of 


“Concrete Roads” 
und the speaker esteems the opportunity he has in presenting to 
you 
Pror, A. N. JOHNSON. 


Tue Usr or ConcrRETE IN ROAD CoNnsTRUCTION. 
By A. N. JoHNSON 
DEAN, COLLEGE OF ENGINEERING, UNIVERSITY OF MARYLAND 


When the author was invited by the committee of the American 
Concrete Institute, having in charge the program of the 20th Anni- 
versary Meeting, to prepare a paper on the use of concrete in road 
construction, he accepted with the proviso that there should be assigned 
someone to gather historical references and other data which such 
a paper should properly contain. Further, the author suggested that 
he would prefer to have Robert Kingery, a former colleague, to 
assist him. Through the courtesy of William M. Kinney, Manager 
of the Portland Cement Association, at the request of the Program 
Committee of the Institute, Mr. Kingery was assigned to this task. 
How well and thoroughly he has performed his work, the mass of 
data and the bibliography which are contained in this paper bears 
striking evidence. And I desire here to express the deep obligation 
I am under personally for the assistance so generously given me by 
Mr. Kingery. 


INTRODUCTORY. 


It has been the purpose in the compilation of the historical 
material for this topic to confine it to the period coincident with 
the development of modern road construction, following the in- 
* creased, need for transportation by land that began to make its in- 
fluence felt about the middle of the seventeenth century, but which 
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GLENGYLE TERRACE, EDINBURGH, SCOTLAND. 
A 50-YEAR-OLD CONCRETE STREET, 
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did not materialize to any considerable extent in road building until 
nearly a century later. It is not amiss, however, briefly to mention 
some of the references in ancient history to the art of road building. 

Whenever a great civilization developed, it depended on trans- 
portation, and, to the extent that this was carriage by land, high- 
ways were constructed. Remains of some of the ancient roads are 
still in existence, one of the oldest being a stone causeway, west of 
the Great Pyramid, which, Herodotus tells us, was built by the 
Kgyptians something over 6,000 years ago, and over which blocks 
of stone were hauled for the construction of the Pyramids. From 
Babylon, during the rise of the Assyrian Empire, there radiated 
a system of highways built about 1900 B. C.* ! 

Coincident with Roman conquest, the necessity arose for means 
of land communication, primarily as a military measure; and sec- 
ondly, for an almost equal need for economic development. Thus 
it was that the building of a great highway system was a fixed 
policy of the Roman Empire during many years. Excavations 
which uncovered some of the remains of old Roman roads in Eng- 
land, between Westchester and London, brought to hght several 
sections constructed with a concrete base evidently formed of natural 
hydraulic cement, mixed with pebbles, the concrete layer being 
about 12 inches thick. With the decadence of Roman power and 
civilization, the demands for transportation steadily decreased ; 
the machinery of government was gone; the public works that had 
been built, especially the highways, were abandoned, and it was 
no one’s care to keep them in repair. ; 

The spirit aroused by religious enthusiasm in the twelfth cen- 
tury revived but a faint demand for means of transportation by 
land. There resulted numerous instances of repairs to highways 
and bridges undertaken by a religious or semi-religious confra- 
ternity known as the “Brothers of the Bridge” (Fratres Pontis or 
Fratres Pontifices), who seem to have been active over a period 
_ of one or two centuries. 

About this period, the Incas constructed in Peru some really 
remarkable examples of roads, which, however, were not adapted 
for vehicles of any size. Soon after the occupation by the Span- 


“These figures are references to be found at the end of this paper. 
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iards, under Pizarro, in the sixteenth century, these roads fell into 
disuse.” * 

We now will pass to that period which marks the beginning of 
modern highway construction. 


EARLIER Uses OF CONCRETE FOR ROADS. 


In the latter part of the eighteenth century began the con- 
struction of the highway system of France, which was developed, 
to a large degree, by the French engineer, Tresaguet. This remark- 
able highway system was brought nearly to its present extent under 
Napoleon. 

There is, however, no evidence that concrete played any part 
in this earlier construction. There occurs, however, a very inter- 
esting comment by Bry. Higgins, M.D., in his book, “Experiments 
and Observations on Careareous Cements,” London 1780, in which 
he says (p. 232), “I have thought that the small stones, which 
constitute the gravel chosen for our roads, could not be reduced 
to dust so soon as they now are, by the heavy carriages, if they 
were firmly imbedded in a small quantity of coarse and good eal- 
careous cement, so that the bodies which roll over them should 
rather compress them, than grind them against each other as they 
do at present. And as the frequent failures of pavement are mani- 
festly owing to the infirmness of the ground and the looseness of 
the stones, I have imagined that a solid bed of cementitious work, 
in the manner of the Romans, and the settling of the paving stones 
in good mortar, would ultimately lessen rather than enhance the 
expense. I offer these conjectures in the hope that nobody will 
presume to decide on the subject, who does not know the difference 
between the common mortar, and the best that can be made of 
lime and sand; and that some public-spirited man will make the 
experiment, where lime is cheap and the expense of pavement or 
of gravel is considerable. If the expense should be found too great 
for any public. works of this kind, the same measures may never- 
theless be tried in private areas and walks, in which the neatness, 
duration, and Rieven tion of vegetation, may compensate for the 
extraordinary price.’ 

It does not appear that this ane was acted upon until 
1838, when the first use of concrete in our modern roads is found 


AMERICAN CONCRETE INSTITUTE. 57 


in the construction of the highway from London to Holyhead, 
which, with packets from this latter point, joined London with 
Ireland. Credit for the consummation of this project is due, in 
no small degree, to the efforts of Sir Henry Parnell who secured, 
through Parliament, the necessary grants for its construction. In 
1828 he published a treatise on roads in which is found a very 
interesting and detailed account of this work.‘ 

In particular, there is included in this book the sixth annual 
report of Thomas Telford, who was charged with the construction 
of this road. Our interest centers in the account of the section, 
about one-quarter mile in length, known as the Highgate Archway 
Road in Hornsey, a portion of London, which describes the laying 
of a concrete base. This particular section of the road had given 
much trouble; the ordinary construction followed by Telford, and 
known today under his name, having proved ineffective, it was de- 
termined to re-lay this, using a concrete base. This was laid 
between June and September in 1828, and details of the construc- 
tion are described in testimony given by Sir John McNeill (who 
was the resident engineer in charge) before a Parliamentary Com- 
mittee of inquiry into methods of road construction. The concrete, 
he states, was made of Parker’s Roman cement, which was patented 
in England as early as 1796. This cement was mixed with eight 
times as much washed gravel and sand, and was delivered at a cost 
of two shillings per bushel. The pavement was built six yards 
wide and six inches thick. “The cement was laid on, mixing it 
first in a box with water, gravel, and sand, in certain proportions.” 
A triangular piece of wood, sheeted with iron, was pressed into 
the concrete at 4-in. intervals. This was to provide a bond for a 
layer of broken stone, of which the surface was built. 

It is reported the maintenance of this road was 900£ per year. 
It is not clear, however, just how long a section of the road this 
included, but the report states that with the concrete base the 
maintenance was very much less. 

There are many other interesting features brought out in this 
report, among them mention of a method of measuring the tractive 
effort by a specially constructed wagon devised by Sir John (noted 
later under the topic of research), who reports that while the stone 
road constructed in the ordinary manner required 156 Ib. to draw 
this wagon, but 56 Ib. were required over the section constructed 
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with the concrete base; also, that while a portion of the old road 
was worn 4 in. in depth between October and March, less than 
1 in. was worn away on the section with the concrete base. 

No further reference to the use of concrete in road construc- 
tion is found until thirty years later, when there was laid on three 
sides of the Palais Royal in Paris an asphalt pavement, which had 
a 6-in. concrete base.° 

Eleven years later, in May, 1869, there was laid on Thread- 
needle Street near Fitch Lane, in London, an asphalt pavement 
on an 8-in. concrete base, and, in October of the following year, an- 
other asphalt pavement was laid in Cheapside and the Poultry on 
a 9-in. concrete base.® 

In all of the instances so far recorded, it appears that concrete 
was used in road construction as a base or foundation course, but 
had not been used for the wearing or surface layer. 

Tn the proceedings of the Edinburgh & Leigh Engineers’ So- 
cicty, 1874-75, there is a paper on “Streets” by J. H. Cunningham, 
in which is described the first construction where the concrete 
served as the wearing surface. ‘This road was laid in 1865 at Inver- 
ness, Scotland, “on the approach to the goods station of the rail- 
way.” Mr. Cunningham states in his paper that in 1870, after the 
road had been under traffic for four and one-half years, the wear 
of the surface was scarcely appreciable. 

He describes also another section of concrete road about 50 
yd. long and 15 yd. wide, laid in 1866 on the George 1V Bridge, 
Edinburgh. These pieces of concrete street pavements were con- 
structed by Joseph Mitchell and are described by Mr. Cunningham’ 
as follows: “The broken metal should be of the hardest quality 
of uniform size, thoroughly screened, and it should, when in the 
screens, be dipped up and down in a large tub of water and then 
_ thrown on the platform on which the concrete is to be made. 
Cement of the best quality must be employed, and the sand should 
be sharp, clean, and gritty. The surface of the ground is brought 
to form, and rolled several times. The concrete is then laid on the 
surface in a layer of three or four inches, and is left for three days 
to harden. The second layer of three or four inches is next laid on 
the first, and immediately rolled to form with a heavy iron roller, 
as heavy as two or three men can draw. The cement should be 
left for three weeks to allow it to become quite hard, before the 
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road is opened for traffic, although a week has been found to be a 
sufficient interval.” 

A third section of concrete paving was built in Edinburgh in 
1872 on Gillespie Crescent, and is described by R. L. Bendall, Esq., 
of Bournemouth, Hantz, England, in an article in Concrete High- 
way Magazine, vol. 4, 1920. “The specifications provided for broken 
stone foundation about 6 in. thick, bonded and rolled. This was 
overlaid with a 5-in. layer of Barnton machine broken metal, rolled 
and grouted with a mixture of one part London portland cement, 
and one and one-half parts clean Musselburgh sea grit passed 
through a fine mesh. The work was carried out directly by the 
staff of the Board Trust.” The pavement was still in service in 
1920, at the time Mr. Bendall wrote this article. 

Two other sections of concrete roads were laid in Scotland in 
1875. One is described in Concrete and Constructional Engineer- 
ing, London, April, 1923 (page 270) as follows: “An all concrete 
road was laid at Blackwood Crescent, Edinburgh, (Scotland) in 
July, 1873. Mr. J. Sims, the City Road Surveyor, stated in 1920 
that the surface of this forty-seven year old road was still in fair 
condition. A total cost of maintenance was only 40£ since the 
road was laid. The road is about one-quarter mile long.” 

The other section was laid in Glengyle Terrace, Edinburgh, 
according to a reference on the reverse side of a photograph pre- 
sented to W. F. Long, Salt Lake City, by Wm. B. Grieg, City 
Engineer, Point Grey Municipality, Vancouver, B. C. 

The first piece of “mineralized” wood block (dried in drying 
chambers and then immersed in tanks of mineral oils) on a con- 
crete base was laid in Grace Church Street, London, near Talbot 
Court, in August, 1872. On a bed of concrete 4 in. thick, mineral- 
ized elm blocks were bedded in portland cement.*® 

The next pavement of this type to be laid in London was 
placed in 1874, in Fore Street on a 6-in. concrete base, and in 1875 
Coleman Street was paved with mineralized fir on a concrete founda- 
tion 6 in. thick.§ 

Gannon Street, London® was paved in 1874 with fir block 
on a 9-in. portland cement concrete foundation. At this time there 
were many pavements of different surfaces being laid in London 
on a concrete base. 
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The practice of using concrete as a pavement base now be- 
came very general, particularly in the larger European cities, and 
shortly thereafter in the principal American cities. 


ee 


HARLIER CONCRETE PAVEMENTS IN AMERICA. 


George W. Tillson states that conerete was first regularly 
used as a base for street pavement in New York in 1888, and that 
as a pavement it first appeared in Wichita, Kansas. ‘This was a 
patented pavement known as Jasperite. It was constructed of 
portland cement and an especially hard rock found in the vicinity 
of Sioux Falls, S. D. Several thousand yards were laid, but were 
not a success.? 
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FIG. ]1—CURVE OF CUMULATIVE YARDAGE, 1909-23. 


The next instance that we have of the use of concrete as a 
surface paving material is that laid in Bellefontaine, Ohio, where 
a strip 10 ft. wide was placed about the Court House in 1892 which 
is described in a letter from City Engineer, Clair A. Inskeep, under 
date of Oct. 1, 1919, from which the following account was taken. 
This pavement was laid in blocks 5 ft. square and some repairs 
have been necessary along the longitudinal joints. In the con- 
struction of this pavement “the bottom 4 in. was of ‘one part best 
portland cement, to four parts clean sharp sand and gravel, in 
which the proportion of the sand is about one-half that of the 
gravel’ the top 2 in. were composed of equal parts of the same port- 
land cement and coarse sand and gravel sifted to the size of a pea.” 
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Among the earliest concrete streets to be constructed in the 
United States were several streets and alieys in Richmond, Indiana, 
which were paved with concrete between 1896 and 1906.'° 

In 1909, Wayne County, Michigan, after a preliminary experi- 
ment, laid a piece of concrete road one mile long on Woodward 
Avenue. ‘This is, perhaps, the first stretch of rural highway in 
America to be paved with concrete. Each year since this date 
Wayne County has added to its mileage of concrete highways, until 
at present there are upwards of three hundred miles so paved.!! 
It is possible that Los Angeles County, California, built the earliest 
piece of concrete rural highway, according to a statement made by 
Halbert P. Gillette in Engineering and Contracting for December, 
1922, who mentions three pieces of county road which he thinks 
were constructed in 1908. 

By 1912 numerous sections of highways had been built of 
concrete in Milwaukee County, Wisconsin, and Cook County, 
IlJinois, and at other points, chiefly in the middle west. 

The total yardage involved in contracts for concrete pavements 
in 1912 was about 8,800,000 sq. yd., of which nearly 1,900,000 were 
for rural highways. 

The total yardage of concrete pavements by the end of 1923 
was over 420,000,000 sq. yd., of which nearly 300,000,000 were for 
rural highways. (Fig. 1.) 

A somewhat better understanding of these qualities may be 
had if we reduce these sq. yd. figures to the equivalent length of 
pavement 18 ft. wide. (Table 1.) Thus in the short space of 
fifteen years, the concrete highways mileage has increased from 
three miles to over 25,500 miles, while the equivalent mileage for 
all construction, including alleys and streets, reduced to 18 ft. wide, 
makes at present a grand total of over 40,000 miles, with over 
3,000 miles under contract at the close of 1923. 

The various tables and diagrams in this paper give consider- 
able statistical information regarding the extent and distribution 
of concrete highway construction throughout the United States. 


TaBLE 1.—ConcretTE Highway MILEAGE CoMPLETED DuRING EACH YEAR 
FOR THE PERIOD 1919-1923 IncLUSIVE 


(Sq. yd. completed during each year reduced to equivalent mileage of pave- 
ment 18 feet wide) 


Total to Jan. 1, 


State Built 1919 | Built 1920 | Built 1921 | Built 1922 | Built 1923 ee 

1919 
Alabama......... Pole ae 4.2 Theil (ores 40 
ACIZON a een 114 ome 140.4 155.0 50.7 414 
Arkansasem 5s: 0.8 9.3 46.7 12} 34.3 160 
California....... 209.0 403.0 339.0 299 .0 164.1 3,288 
@oloradonea eee 3.8 Pel 2) PAD) PP Bifad 27.6 137 
Connecticut..... 1a o7/ Dia 46.7 34.4 42.3 249 
Delaware....... PAS Bers eiys 49.5 67.0 Tha 292 
Dist. of Columbia Tl eS OxS 0.5 sie 8 
Florida i lava Ona Ae 30.8 48.3 106 
Georgiseanea ace 51.2 43.8 2H lf 37.8 54.0 310 
alah Oseepa ey ace Fae. 8.5 WAST Chal 36 
MOIS et eee see 190.5 340.0 431.6 |~ 625.0 | 1,041.0 2,991 
nidianaye seat. 45.0 110.1 206.0 Nivhigll 265.0 PLS 
RG Wate eae ee DG 43.4 158.5 100.1 95.0 439 
KGMGASS entre tee 720 36.0 80.0 154.0 93.2 407 
Kentucky....... Uy? 6.8 6.0 11.4 23.3 103 
Louistanac. 425 ate Sp: eee Weg TOD 14 
Miainene sancti tes 0.3 Dei 18.1 14.5 10.8 65 
Maryland....... 54.7 42.0 94.5 84.9 129.2 863 
Massachusetts ee: ef Al 36.8 30.1 Piss 188 
Michigan....... 98.0 83.5 325.0 234.0 319.0 1,466 
Minnesota. . 20.4 68.6 100.0 104.8 (les 446 
Mississippi...... 6.4 19.4 42.7 29.4 46.6 172 
IMERR(OUTSIS cen oe wis. Ost 45.7 82.5 139.5 327 
Montana... 32. ee 18.4 8.5 Pe oy PH 
Nebraska. . 1Geal 8.6 266 aye 18.9 55 
INevadare sine 6.8 re 4.8 2.9 2.4 29 
New Hampshire. oie re 0.2 Sad 2.9 8 
New Jersey..... 60.2 43.6 89.5 111.9 117.1 530 
New Mexico. 2.8 1B 4.0 18.3 7.0 59 
News Viorksm sae 99.6 176.5 507.0 329.0 397.0 2,243 
North Carolina. . 14.2 Py) 43.0 127.0 336.0 595 
North Dakota.. pene rete Be 0.7 0.5 4 
Onions... «ake 66.0 89.5 246 .2 185.5 245.0 1,403 
Oklahoma...... 12.0 Ts CA DATE CID) 42.6 238 
Oregolinss sco on 2 ee 7.6 56.8 44.2 34.6 199 
Pennsylvania. . 143.3 380.0 615.0 461.0 365.0 2,083 
Rhode Island. 6a2 ee 4.0 line CAD, 33 
South Carolina. . 13.9 11,5 23.9 41.0 201.5 140 
South Dakota... Ene. eid: nae hat. 0.9 1 
Tennessee...... A? BD 1 oy eee 16.8 58 
SGKAS Melee oa 50.6 26565 ORO 90.7 55.0 366 
italy teres mee ina 60.0 18.9 42.2 10.7 PANE 
Vermont sees 1.8 ane a7 ere 1.0 8 
Wirginia sees. see Gonz YL 76 eyilenes 37.9 114.0 497 
Washington..... 5n0 201.0 149.0 118.5 91.5 980 
West Virginia... 45.7 50.5 65.0 56.6 94.5 517 
Wisconsin...... 109.1 94.8 316.0 330.0 432.0 1,652 
Wyoming....... heey 0.8 2eo shapes Re 113 

1,538.3 | 2,565.4 | 4,649.5 | 4,442 


.9 |5,193.6 | 25,627 
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AWARDS FOR CONCRETE Roaps. 


There are some very interesting data as to the contracts 
awarded for concrete roads. 

To accomplish the construction of 40,000 miles of concrete 
roads and streets,.the greater portion of which has been built 
within the past five years, has, of necessity, developed contracting 
and engineering organizations to an extent little anticipated at the 
time when a satisfactory annual accomplishment of the Massa- 
chusetts State Highway Commission in the 90’s was the completion 
of fifty miles of macadam road, the contracts for which averaged 
about one-half mile in length. 

We contrast this with a letting by the Pennsylvania State 
Highway Department on April 18 and 19, 1922. On the first 
day thirty-two projects were awarded with a total length of 116 
miles; and on the second day twenty-seven projects were let with 
a total length of 101 miles, which, with the exception of two or 
three miles, were for concrete roadways. The total amount of 
these contracts was approximately $9,148,000. 

On Oct. 4, 1921, bids were received by the Illinois State High- 
way Commission for forty sections of pavement, aggregating 188 
miles in length, including over a million yards of excavation, and 
68 bridges using upwards of 15,000 cu. yd. of reinforced-concrete. 

Some appreciation of the engineering organizations that is 
necessary to prepare for and handle a letting of this sort is gained 
from some of the details, which were kindly furnished by Clifford 
Older, Chief Highway Engineer for Illinois. For example, there 
were a total of 2664 printed proposals furnished to prospective 
bidders, or an equivalent of 114 acres of printed paper. ‘There 
were 961 of these proposals returned as bids, the opening and read- 
ing of which consumed approximately eight hours. The blueprints 
of the plans for this letting used 1214 miles of blueprint paper, 
twenty-four inches wide. 

Two contracts for concrete highways awarded by Maricopa 
County, Arizona, stand out as being perhaps the largest single con- 
tracts for any high-class type of pavement. One of these contracts 
was for 127.4 miles, on which construction began November 1, 
1920, and one for 167.5 miles, construction on which was begun 
March 20, 1922. Both of these contracts were let to the same con- 
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tractor and both contracts were finished on time. ‘The first required 
almost fifteen months for completion and the second a little over 
twelve months. ¥ : 

Among other large contracts for concrete roads may be noted 
one for fifty miles in Phillips County, Arkansas. In 1922 and 
1923, there were sixty contracts awarded for ten miles or more, 
six of which were for twenty-four miles or over. ‘These contracts 
were scattered through the states of Illinois, Oklahoma, Iowa, 
Indiana and Kansas. 


TaBLE 2.—SHowina AVERAGE Size OF CONTRACTS FOR CONCRETE 
PaveEMENT AWARDED DurinG Last Five YEARS 


a Number of Total Average 
Year Pavement Contracts |- Yardage Yardage 
Rosdsys.. (eae See 1,271 | 41,335,342 32,522 
191974.) Sirecty kts, earre ae 1,064 | 11,086,419 10,429 
KONIC Rr Rae Ail sw iprteties oc 309 | 1,038,173 3,360 
Roads... eee 846 | 29,326,689 34,665 
1990-4 | Streets: 22.5.) ee 957 | 8,814,782 9,211 
Alleys. 1 eee Tit Caen ee 265 907,164 3,423 
OLAS ers inant ce orem 1,486 43,862,503 29,517 
19215 | Stresis ses. yh ee eee 1,290 | 10,695,548 8,291 
AIG Y Sis .tcx.se tee eer hoe tes SA 398 1,606,085 4,035 
Roids7.us. Ale eee 1,866 | 58,301,413 31,244 
19227 | Streetsa:- er: oa eee 2,172 18,607,792 8,567 
AM CVS...4 ita ce eee ee = 562 2,176,500 3,871 
RORGS Pa cca eae ee eee 1,825 50,893,999 27,887 
1020g"1 Surcets es. tee oe ee 2,737 | 24'385,497 8,910 
ATGYS Six.) ek dno oe ee ane 822 2,658,276 3,234 


Table 2 shows the average size of contracts for concrete pave- 
ments awarded during the last five years. As would be expected, 
the awards for highways are much larger than those for street 
or alley improvements. It would seem that for these five years 
the average size of highway contracts was approximately 30,000 
sq. yd., or about three miles; and it is to be noted that the average 
size of contract in any one of these five years does not vary markedly 
. from the general average for the five-year period. 

A more significant compilation of data respecting concrete 
road contracts is found in the diagram, Fig. 2, which is a graphical 
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presentation of yardage of concrete pavements awarded each month 
from January, 1919, to December, 1923. This diagram is worth a 
little study. 

Owing to the weather conditions prevailing in a large part of 
the United States, highway construction is, of necessity, a seasonal 
occupation. Little or no work is done in the winter months, but 
with the great increase in the amount of work to be done, and the 
more extensive contracting organizations developed, it has been 
organized so as to make possible considerable work throughout the 
year, particularly in the preparation and storage of materials. This 
had led, on the part of the engineers, to the offering of work for 
bids in the late summer and early fall in order that the con- 
tractors may know with sufficient time ahead to plan their coming 
season’s work several months earlier than had been, until quite 
recently, the custom in highway construction. From this viewpoint, 
(Fig. 2) is of special interest as indicating a greater proportional 
amount of work awarded in the fall months of 1921-22 and 1923, 
as compared with awards made in 1919 and 1920, It is clear that 
‘such an arrangement must make for more efficient and economical 
handling of the large organizations the contractors must necessarily 
maintain, with corresponding advantage secured by the public by 
the more expeditious and economical methods thus made possible. 
(See also Fig. 3.) 


DEVELOPMENT OF CoNCRETE Roap-Makine MACHINERY. 


The development of road-making machinery in the past decade 
has been rapid, as might be expected from the extraordinary amount 
of road building that has been accomplished during this period. 
If dependence upon man power and animal power had been neces- 
sary to the same extent as was used but a few years ago in the 
road-building operations, unless it had been possible to devise 
machinery and mechanical appliances to do a major portion of the 
work, the large road building programs which have been success- 
fully carried on in so many sections of the country would have been 
wholly impossible. But mechanical appliances have been devised, 
so that we may see today a concrete road under construction in 
which nearly every man employed is operating some piece of ma- 
chinery, the actual man power having been reduced to a minimum. 
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A good rate of progress for a two-sack’ batch paving mixer 
is about 1200 sq. yd. per eight-hour day, or about 600 ft. of 18-ft. 
width pavement, averaging 7 in. thick. A few records made on 
work-that was especially well planned as to machinery required to 
handle material and distribute the concrete will be of interest. 

In 1919 G. P. Scharl, a contractor in Branch County, Michi- 
gan, laid 1000 ft. of 16-ft- concrete road per eight-hour day. So 
far as can be learned, Mr. Scharl was the first to arrange his job 
so as to achieve this output. 

The following year two contractors in Minnesota and two in 
Illinois made similar records, while Mr. Scharl beat his own. The 
records of a number of contracts for the year 1920 ran well over 
1000 ft. per day. 

In 1923 the largest day’s output recorded was announced by 
the Illinois Division of Highways as 2017 ft. of 18-ft. wide pave- 
ment, 6 in. thick for 14 ft., spreading to 9 in. thick at the edge 
in the outer 2 ft. on both sides. This record was made with a 
32-E Koehring mixer, fed by industrial train outfit. 

To account at all exhaustively, or in any considerable detail, 
the development of the great variety of machinery and apphances 
that are now used in concrete road construction would call for much 
more time and space than is at the disposal of the writer, who is 
obliged to leave the discussion of this phase of his subject to some- 
one else to develop. 

Improvement in the finishing of concrete roads has been 
marked and has been brought about chiefly through the employ- 
ment of finishing devices, some of which have been particularly 
effective, although very simple and cheaply constructed. 

Canvas belts, with which everyone connected with highway 
construction is familiar today, were first used to finish concrete 
pavements in 1915 in California, and in Wayne County, Michigan. 

A marked improvement in the finishing was the introduction 
of the light roller which removed the excess water, and, at the 
same time, ironed out any inequalities, thus producing a surface 
free of small uneven places that would be noticed by traffic, as was 
the case with the hand trowel method of finishing the earlier con- 
crete roads. : 

Although rollers had been used to some extent for finishing 
concrete surfaces, they first attracted attention as a method of 
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finishing concrete pavements in Macon, Ga., where they were em- 
ployed under the direction of City Engineer, J. J. Gaillard, about 
1916.'° This method rapidly gained the favorable acceptance of 
engineers all over the country, and it was not more than two, or 
at the latest, three years, when we find this provided for in most 
state highway and other highway specifications. However, because 
of certain patent rights and resulting infringement suits, other 
devices have been used successfully by many contractors and en- 
gineers, accomplishing much the same result as the roller. 

Machines for finishing concrete roads have been developed 
and are used with success. In fact, the specifications of some 
State Highway Departments are so drawn that it would be rather 
expensive and awkward to finish a concrete highway except by a 
finishing machine. One of the earliest of these was built and 
operated by R. D. Baker, of Detroit, in 1913, and was used upon 
Pasadena Street, Highland Park, Michigan.'* This machine was 
essentially a mechanical troweling machine, the steel plates or 
trowels moving on a chain traveling across the pavement and were 
guided by channel irons which were bent to conform to the crown 
of the road. These channel irons were mounted on four wheels 
riding on the curb. It was pushed by hand and the chain carrying 
the trowels also was operated by hand. Later improvements in 
this machine included a small gasoline motor, by which it was 
operated. A similar machine was also used by Mr. Baker on some 
of the Wayne County, Michigan, roads. 

A finishing machine consisting of a concave roller was devised 
by Henry Bowlby, then State Highway Engineer of Oregon and 
was used in 1914 to finish some of the Oregon concrete pavements.'” 
Neither of these machines came into general use. 

Another machine quite different in principle was developed 
in 1913 by E. G. Carr,, of California. This machine strikes the 
concrete to proper shape, and, at the same time, tamps the surface. 
Many improvements have been made upon the original model from 
which has been developed what is now the well-known Lakewood 
finishing machine, probably more widely used than any other. ‘This 
apparatus has a framework resting upon wheels which are guided 
by the side forms and upon which they rest. Suspended to the 
framework are two moving templets cut to the width and crown 
of the road. The forward templet has a horizontal movement of a 
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few inches back and forth across the road, while the other templet 
has a reciprocating vertical motion. ‘The first strikes the concrete 
to proper shape, while the second tamps the surface to compact it. 
The machine moves ahead under its own power furnished by a 
gasoline engine mounted upon the frame. It is operated by one 
man. 

A similar machine, without the tamping feature, but with a 
specially arranged striking templet, has been recently perfected 
by William Ord, and has been put on the market by A. W. French 
& Co., of Chicago. 


SPECIFICATIONS. 


The specifications for concrete roads have undergone many 
changes in order to keep them abreast of the improvements which 
experience has demonstrated to be productive of better results. 

The specifications of twenty years ago for laying a concrete 
pavement were very crude as compared with the specifications for 
the modern concrete highway. In a treatise on highway construc- 
tion, published in 1900 by Austin T. Byrne (p. 314) occurs the 
following specification for hydraulic cement pavement, which is 
to be laid on 14 in. of compacted cinders. This construction was 
used in several cities as paving for alleys. It was essentially a 
modification of sidewalk construction ; a lean base covered with a 
thin top course of a richer mix. 

“Upon a foundation so formed shall be laid a concrete com- 
posed of one part of portland cement (either Hilton or Manhewmer 
Brand) and three parts of clean, sharp, coarse sand, thoroughly 
mixed dry and made into mortar with the least quantity of water, 
and thoroughly intermixed with broken stone or furnace slag in 
such quantity (about seven parts) that, when tamped or rammed 
solidly in place free mortar will rise to the surface and exhibit a 
depth of 3 in. of the said concrete. Upon this concrete foundation 
a surface mixture shall be laid 1 in. in thickness, composed of one 
part of portland cement (Dykerhoff or Star Stettin Brand) and 
two parts of crushed granite, with just sufficient water to make 
a stiff mortar; this surface coat shall be thoroughly compacted by 
tamping ; and shall be dressed with a small quantity of dryer, com- 
posed of one-half pure cement and one-half flint sand floated over 
the entire surface as a finish.” . 
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From this time, a great variety of specifications for concrete 
highways was developed by various engineers. There was little 
to guide them. Most engineers then required a two-course type of 
construction, the base course 5 or 6 in. thick and of very lean mix, 
the wearing surface 1 or 2 in. thick of a richer mixture. 

The earlher pavements laid in Bellefontaine, Ohio, and Rich- 
mond, Indiana, which have been previously mentioned, were built 
under such specifications. 

No attempt toward formulating a standard specification for 
concrete roads had been made up to 1909, when, at a meeting of 
this society, a committee appointed for this purpose made a report 
and presented such a specification. This provided for a 6-in. base 
of 1:3 :5 concrete, with a 4-in. wearing surface of 1:3 :6 to be 
placed upon the base within fifty minutes after the concrete for the 
base had been mixed. “Single coat” work, i.e., one course con- 
struction, is mentioned, with the provision that it shall be propor- 
tioned 1:2: 38, tamped and struck off, then “the coarser particles 
of the concrete shall be tamped to a depth which will permit a 
mortar finish.” 1° 

The specification for the fine aggregate was not greatly differ- 
ent from that of the present-day practice. It should be evenly 
graded material, from the %-in. size to that retained on 100-mesh 
sieve, not more than 6 per cent to pass the latter. Coarse aggre- 
gate was to be over %4-in. size and all retained on a 34-in. ring. 
It will be noted that the upper limit for the coarse aggregate is 
very much smaller than is the practice today, and that the mix for 
the top course is much leaner. : 

Machine mixing is preferred “since a more thorough and 
uniform consistency can thus be obtained.” Wood forms are speci- 
fied, but no mention is made of reinforcement. The concrete was 
to be laid in rectangular slabs; cross forms are specified to be 
placed at right angles to the side forms. 

Many of the changes that have taken place in specifications 
for concrete highways were the outgrowth of improved equipment. 
Thus the specifications for side forms call for increased weight and 
stability in order that they may be able to support the finishing 
machines, which require much heavier track for their guidance than 
the average plank side form, as was at first laid, would furnish. 
Likewise, the development of means to handle the aggregates made 
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it unnecessary to place them on the road bed, which has always 
been recognized as bad practice, but necessary in the earlier work. 
Now it is no longer necessary, and many state specifications specifi- 
cally prohibit so placing the aggregates. 

With the exception of a few of the earliest pieces of concrete 
placed for pavements, nearly all have been laid with machine mix- 
ing, rather than by hand mixing. Owing to the bad results that 
had been obtained from continuous mixers for concrete work for 
other purposes, practically from the beginning this type of mixer 
was not permitted under specifications for concrete highways, but 
in almost every instance it was required that the concrete be mixed 
with a batch mixer. 

Investigations showed, particularly those carried on by Prof. 
Duff A. Abrams of the Lewis Institute, Chicago, that the time of 
mixing had an important influence on the strength of the concrete, 
and specifications were developed requiring a definite time, varying 
from three-quarters of a minute to two minutes, and often requiring 
that the mixer should have an automatic device to insure that the 
mixing would continue for the time prescribed. 

The researches of Professor Abrams have exerted great in- 
fluence upon the development of specifications for concrete high- 
ways.'7 Perhaps, the most striking of his results were those which 
came from the extensive series of tests which developed the fact 
that the quantity of water had a controlling influence upon the 
strength of concrete and that aggregates of different gradings affect 
the strength of the concrete, because of the fact that some gradings 
require more water to be used than others, to give a concrete of 
the requisite consistency for convenient handling upon the work. 

What Professor Abrams calls the fineness modulus has re- 
sulted in making possible a rational use of a great variety of 
aggregates as to grading, which has been productive of great 
economies ; and specifications of highway engineers have been modi- 
fied accordingly. 

In 1919 a summary of state highway specifications for con- 
crete roads was made by the author and is here reproduced. This 
gives a general idea of the principal features that were included 
in the specifications and the variations that then existed. It will 
be noted that fine aggregate was specified by definite limits as to 
size in a large proportion of the specifications. A majority called 
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for 1 : 2:3 mixture; all provided for machine mix. The time of 
mixing was prescribed in a large number of instances at one minute, 
while ten call for a minute and a half, and only one as short a 
time as three-quarters of a minute. In but three states was there 
a specific requirement as to consistency. Most required that ma- 
terials should be definitely measured. The construction of expan- 
sion joints at intervals, varying from twenty-five to forty feet, was 
required in most instances; but four states specified that no expan- 
sion joints were to be constructed. Specifications for finish, in gen- 
eral, were framed to insure a dense and true surface and the 
majority had adopted the roller and belt method, while five pro- 
vided for machine-finished surface. Hither no provisions were 
made, or they were rather indefinite as to the requirements for 
variations that would be permitted for a true surface. Curing 
was generally done by covering with wet earth; in some instances 
ponding was prescribed. The length of time that the concrete 
should be cured varied from eight days to two weeks, and traffic 
was prohibited from eleven to thirty days. 

This summary of the state highway specifications prepared 
in 1919 is of particular interest when compared with a similar 
study of highway specifications made in 1923 by C. R. Ege of the 
Portland Cement Association. We now find that the time of mix- 
ing is, in no instance, less than one minute; eleven specify one and 
one-half minutes; two specify one and one-quarter minutes; the. 
others providing one minute. But two states specify no expansion 
joints, while twenty-four call for them, at intervals varying from - 
30 to 100 ft. and from % to 1 in. in thickness. Practically all the 
specifications permit the use of the roller for finishing the surface ; 
while those providing for machine finish total twenty-nine. Defi- 
nite provisions as to the trueness of surface now appear in the 
1923 specifications. No marked changes appear in the specifica- 
tions for curing. 

The colorimetric test which was not mentioned in specifica- 
‘tions four years ago is now required in eleven state specifications. 
This test, which was devised at Professor Abrams’ laboratory, is a 
very simple method of detecting organic impurities, particularly 
in fine aggregate. It is one of the most important safeguards to be 
taken, for it has been definitely demonstrated that only a very 
slight amount of organic impurity, which would not be detected 
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except by some chemical test, as the colorimetric test, is sufficient 
utterly to destroy the strength of the concrete. This test can he 
readily made in the field, requiring merely a 3 per cent solution 
of sodium hydroxide in which the fine aggregate is shaken and 
allowed to settle. If the solution clears, without sensible color 
remaining, it indicates freedom from organic impurities. Should 
the liquid turn a reddish brown or deep amber color, it indicates 
an amount of organic impurity that would be detrimental, and the 
aggregate should not be used unless it be washed to free it from 
such impurity. 

Also it is to be noted that far greater attention is being given 
to the reinforcement of concrete highways. While but two states 
required reinforcement in 1919, nine-do at present. 


INVESTIGATIONS AND RESEARCHES. 


The development of concrete roads has been attended and 
greatly accelerated by scientific research. It is not too much to 
say that the investigations growing immediately out of concrete 
road construction have inaugurated a program of research of 
greater breadth than has been the case with any other type of 
paving construction up to the present time. 

The researches have been carried on by a large number of 
widely dispersed agencies, the more important of these including 
the U. S. Bureau of Public Roads, various state highway commis- 
sions, and many universities. 

Highway research work, while of comparatively recent date, 
has already reached a position of prime importance in the engineer- 
ing research program. This has been possible through organized 
effort brought about through the active interest of such associa- 
tions as that of the American State Highway Officials, and the 
Advisory Board on Highway Research of the National Research 
Council—all working in closest co-operation with the U. S. Bureau 
of Public Roads. This co-operation has resulted in increased in- 
spiration to the individual agencies, and there has been avoided 
any stifling of initiative that is almost inevitable to result from 
any centralized control of such activities. Thus it is that all the 
conditions being so favorable and the time opportune, we find so 
great an amount of valuable research work has been done in con- 
nection with the construction of concrete roads. | 
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As with other phases of the development of concrete roads, 
the limits of this paper will not permit any attempt to present 
or even mention all of the various researches that have been under- 
taken. ‘These have developed from somewhat crude and unscien- 
tific experimental sections of roads, to the building of compara- 
tively long stretches of roads with highly specialized apparatus 
for most thorough scientific and mathematical investigations of 
the action of the road slab under traffic, supplemented by exhaustive 
laboratory studies. 

Among the earlier experiments were those with oil ecncrete, 
described in the T’ransactions, Am. Soc. C. E. Vol. LXXIV, De- 
cember, 1911, p. 273. Theodore 8S. Oxholm arranged with the late 
L. W. Page of the Bureau of Public Roads to build a section of 
this type of pavement in the Borough of Richmond on Innis St. 
between John St. and Morning Star Road. 

The concrete was mixed in the proportion of one part cement, 
two parts sand, and four parts broken stone (34 in.) with the addi- 
tion of oil to the amount of 15 per cent of the weight of the 
cement. 

“The cement and sand was mixed and water added to form a 
mortar, after which the oil and then the stone was added. The 
whole mass was then thoroughly mixed and deposited on the street 
to form a wearing surface 4 in. in thickness. 

“T have made a recent examination of the pavement and 
found that the joint at the end of each day’s work is very marked.” 

A report on this pavement dated Sept. 13, 1911, states 
“© . . a much better piece of work than this could be done with 
the knowledge gained, both as to the materials to be used and the 
methods of laying and finishing each day’s work. I do not think, 
however, that this class of pavement, after fifteen months in use, 
has shown sufficient merit to make it advisable for us to lay any 
more of it at the present time.” 

Among the more notable of the earlier experimental roads 
should be mentioned one built by the U. S. Bureau of Public Roads 
at Chevy Chase.'® ) 

The laboratory investigations of concrete, as a material of 
construction, have been under way for a considerable period, but 
have been greatly accelerated in the past two decades. This sub- 
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ject is more particularly treated in Dr. Talbot’s paper presented 
at this convention. 

The greater amount of research work that has had immediate 
application to the use of concrete in highway work is under way in 
the laboratories of the U. S. Bureau of Public Roads and the 
Lewis Institute at Chicago; while the notable work done at the 
University of Illinois and the University of Wisconsin investigating 
the uses of concrete in general construction has been of great in- 
fluence and assistance to those at work on concrete road studies. 

The investigations of concrete roads have brought about the 
special development of drills suitable for cutting samples from 
the roads themselves, so that there is made possible laboratory in- 
vestigations upon the concrete that has been actually in use in the 
highway under various conditions and for different lengths of 
time. Already fourteen state highway departments, two counties, 
in addition to the U. S. Bureau of Public Roads and a number of 
cities, and some universities, are equipped with these outfits; and 
thousands of cores have been taken from concrete highways in 
many sections of the country. The data from these investigations, 
as they become available, must prove of great value. 

Among the more elaborate field investigations, a few stand 
out as notable for the extent and thoroughness of the studies made. 
These are the Pittsburg Test Road at Pittsburg, California, built 
in 1921 and 1922; the Bates Experimental Road at Bates, Illinois, 
constructed in 1921 to 1923; and the circular track and impact 
tests of the U. S. Bureau of Public Roads, which have been carried 
on since 1920; the circular track being built in 1922. 

Pittsburg Road Test (Pittsburg, Calif.)—A complete report 
of this remarkable highway research was published in 1923 by the 
State Highway Commission of California, of which A. B. Fletcher 
was chief engineer. The beginning of this work was undertaken 
by the Columbia Steel Company of Pittsburg, Calif., in 1921, the 
U.S. Bureau of Public Roads and the State Highway Commission 
of California having informal observers present. to report on the 
progress made. It was the original plan of the Steel Company to 
investigate the effect from the use of steel reinforcements in con- 
crete roads. But it soon became apparent that the pessibilities 
were far greater than had been anticipated. 'To realize them, how- 
ever, would require expenditures that the Steel Company was not 
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in a position to make. Thus, it came about that early in 1922 a 
formal co-operative financial agreement was made between the 
State Highway Commission of California and the U. S. Bureau of 
Public Roads to complete the tests and publish the results. A 
concrete track was built which was oblong, with two straight 
stretches of 450 ft. each, with semi-circular turns at each end of 
75 ft. radius. There were thirteen sections or varieties of con- 
struction. Traffic consisted of loaded trucks, which were run 
around the track in opposite directions, developing in eighty-nine 
days a total traffic of 7.36 millions of tons. 


CONCRETE ROAD MODEL OF THE U. 8S. BUREAU OF PUBLIC ROADS, 


A particular feature of the test was the construction of obser- 
vation tunnels in which to measure the flexure of the concrete 
pavement under various conditions of loading. 

The Bates Road Test at Bates, Illinois—This road is located 
about fifteen miles from Springfield on the Wabash Railroad and 
is the most extensive single experimental road that has been under- 
taken. 

A stretch of road two miles in length was constructed, and 
not only many varieties of concrete construction were used, but 
also many other types of paving. 

The traffic consisted of loaded trucks, the weight gradually in- 
creasing as the test progressed. The test itself was originated by 
the Highway Division of the Department of Public Works of the 
State of Illinois, under the immediate direction of Mr. Clifford 
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Older, Chief State Highway Engineer; the U. 8S. Bureau of Public 
Roads collaborating in this work. 

The entire expenditure for this project has been estimated 
to be approximately $235,000. In a letter dated Jan. 9, 1924, Mr. 
Older states that on contracts awarded by the State at the present 
time, the saving that has been made, due to changes in the design 
of the roads as a result of the Bates Road Test, has amounted to 
nearly $5,000,000; and unless future developments show this design 
is faulty, the future paving program of Illinois, which is already 
assured, will make an additional saving of about $3,500,000. Per- 
haps, no more dramatic climax to a highway research is to be 
recorded. 

A full description of the Bates Road Test will be found in 
the February, 1924, Proceedings of the American Society of Civil 
Engineers, which will contain a paper on this subject by Mr. Older. 

Arlington Road Tests——At the experimental farm of the De- 
partment of Agriculture, Arlington, near Washington, the U. S. 
Bureau of Public Roads has carried on for the past ten years an 
extensive series of tests, which has included most elaborate studies 
of concrete as a road pavement material. 

A large number of slabs, 7 ft. square, have been constructed 
and tested under a great variety of specially controlled subgrade 
conditions to determine the effect of impact. A prominent feature 
in connection with these investigations is a circular track 200 ft. 
in diameter, composed of some sixty-three different concrete sec- 
tions, which have been under observations, particularly as to the 
effect of wear. A full description of these tests may be found in 
the 1919, 1920 and 1921 issues of Public Roads printed by the 
U. 8. Bureau of Public Roads; the Proceedings of the American 
Road Builders Association; and, more recently, a paper has been 
presented before the American Society of Civil Engineers (Febru- 
ary, 1924, Proceedings). 

All of these investigations are remarkable for the great care 
exercised in making the observations and the thoroughness with 
which they are reported. They have necessitated the design of 
some very complicated and extremely delicate apparatus, and they 
constitute a research of a very high degree of scientific attainment. 
This very brief mention of them gives a wholly inadequate idea of 
their extent and significance which can be obtained only by a close 
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study of the reports that have been published, and to which refer- 
ence has been made. 

The above tests have been primarily concerned with the proper 
design of concrete highways. There have also been undertaken a 
very important series of investigations which are concerned with 
the operation of highways, with the relative energy consumption 
that a sound basis for an economic theory for the development of 
highway systems may be evolved. 

This class of investigations includes the measurement of resist- 
ance or coniparative energy required under diffeernt conditions, 
and for different types of pavement construction. Very elaborate 
tractive resistance tests have been made. ‘'T'ractive resistance has 
long been a study in connection with road work, and, among the 
earlier investigations of this character, it is very interesting to 
read the account of road resistance tests made by Sir John McNeill 
nearly a hundred years ago, who invented a specially designed 
wagon for making these tests, a full description of which will be 
found in Sir Henry Parnell’s treatise on roads, p. 73, and in the 
appendix on p. 461. 

Among the more recent researches of this character is a test 
conducted in 1917 by Prof. J. B. Davidson of the University of ° 
California at the university farm near Davis, measuring the pull in 
pounds per ton required to move a loaded wagon. over eleven dif- 
ferent varieties of road surfaces.'° 
. A series of tests was made by the White Motor Co. in 1918 
and described in Engineering-News Record, November 7, 1918, 
p. 843. 

Bulletins 64 and 67 of the Iowa State College by 'T. R. Agg, 
published in 1922 and 1924, respectively, treat of the resistance to 
the translation of motor vehicles. This subject is one of special 
inquiry by one of the research committees of the Advisory Board 
on Highway Research of the National Research Council, of which 
Professor Agg is chairman. 

The co-operative work at the Massachusetts Institute of Tech- 
nology during 1923, conducted by Major Mark L. Ireland, synopsis 
of which is to be published by the Advisory Board on Highway 
Research, discusses in great detail many phases of the problem of 
energy consumption by highway traffic. 
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The U. S. Bureau of Standards has carried on an extensive 
series of tests on this same subject, which it is expected will be 
published in the near future. It has also been the subject of 
research at a number of university laboratories; notably those at 
Yale, the University of Kansas and the University of Michigan. 

The subject of highway research has received great impetus 
and inspiration from the organization of the Advisory Board on 
Highway Research of the National Research Council. Through 
this agency, researchers in this field have been brought in contact 
with work under way and it has greatly stimulated the undertaking 
of new projects; the field of research has been outlined, and com- 
mittees organized working in many areas of this domain. 

In Bulletin 21 of the National Research Council issued in 
October, 1922, there are listed 479 highway research projects in 
the United States. At the third annual meeting of the Advisory 
Board on Highway Research, held in Washington on Nov. 8-9, 
1923, a remarkable set of committee reports was presented. Pro- 
ceedings of this meeting will shortly appear as a bulletin of the 
National Research Council. Among the topics discussed in the 
various papers, included in these proceedings, will be found a 
number having direct bearing upon concrete highway construction. 


LITERATURE ON USE OF CONCRETE IN RoAD CONSTRUCTION. 


The literature on the use of concrete for highways would fol- 
low naturally the construction, and is of recent date. The only 
mention made of concrete road construction in the records of the 
first meeting of this society, Jan. 17 to 19, 1905,° other than the 
use of concrete for sidewalks, was the appointment of W. W. 
Schouler as Vice-President of a section on streets, sidewalks and 
floors, but there is no mention of any action by this committee. 
At the second meeting of the society, Jan. 9 to 12, 1906, George L. 
Stanley was elected vice-president of the section. His committee 
reported on salt in sidewalk construction, but there is nothing as to 
highways or street pavements.?! Similarly, the report of the third 
meeting in 1907 ** contains no reference to concrete pavement con- 
struction other than sidewalks and floors, nor is any mention 
made of concrete highway construction in the minutes of this 
committee.** 
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In the Transactions of the American Society of Civil Engi- 
neers, Vol. LIX, December, 1907, Horace Andrews states, “The 
speaker is of the opinion that, in the severe climates of the north- 
ern states, well-laid pavements of inorganic materials are more 
likely to be satisfactory than others, and he would not overlook 
the possibility of making an entire pavement, including the wearing 
surface, of cement concrete. A pavement of this description has 
given good satisfaction for some years in front of the Capitol at 
Albany, and seems to be well adapted to automobile traffic.” 

Wm. H. Lawron.—‘Among the monolithic pavements, the 
principal ones are those composed of portland cement and of 
asphalts and bitumen. ‘The wearing surface of the former consists 
of a layer about 2 in. thick, of portland cement concrete, of about 
equal parts, mixed on the street, and incorporated in place upon 
the foundation already prepared. 'The surface is usually blocked 
off, by deep grooves, into squares of the desired size. This pave- 
ment is very slippery, especially in wet or frosty weather. 

“All the monolithic pavements deteriorate chiefly by injury 
from the impact of the calks of the horses’ shoes. 

“From some form of cement or steel will probably be derived 
the future pavement.” 

In the 1907 proceedings of the National Association of 
Cement Users occurs an article by Albert Moyer on “Cement Side- 
walk Paving,’ ?* in which he says “Among the other uses (of 
cement paving) are driveways for vehicles.” 

It is not until the 1909 proceedings of this society * that we 
find the first paper on concrete highway construction, which was 
given by J. H. Chubb, which also includes the first proposed 
standard specification for concrete roads. The discussion of this 
paper was participated in by W. F. Wiselogel, W. P. Anderson, W. 
W. Schouler, H. F. Porter and EH. V. N. Heermance. 

In the meantime, there appeared some articles in the technical 
press. Among the earliest was a report in Municipal Engineering, 
- May, 1905,?6 which was a paper read by H. L. Weber, City Engi- 
neer of Richmond, Indiana, before the Ohio Society of Surveyors 
and Engineers on the subject of concrete paving and paving ma- 
terials, in which is described concrete alley and street construction 
first laid in Richmond in 1896. In April, 1907, Mr. Weber as 
Chief Engineer of the Fort Wayne and Wabash Valley Traction 
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Company, Fort Wayne, Indiana, and Walter E. Hassam of the 
Hassam Paving Company, Worcester, Massachusetts, presented 
papers before the Association of American Portland Cement Manu- 
facturers on the subject of concrete pavement construction.** Mr. 
Weber’s paper not only described alley and street construction in 
Richmond, Indiana, which was laid in the period between 1896 to 
1906, but gave also his recommendations for complete detailed 
specification for a two-course pavement having a 1-in. wearing 
surface. Mr. Hassam’s paper described the type of concrete pave- 
ment construction which bears his name. 

** Since 1909 to the present time, the proceedings of this in- 
stitute are replete with papers recording the progress and recent 
developments in concrete road construetion, as is also the technical 
press for the corresponding period. 

The reports of the various state highway commissions and 
state highway engineers contain no mention of the construction of 
concrete roads prior to 1911 and 1912. In the fourth report of 
the Illinois Highway Commission, Jan. 1, 1913, there is described 
the construction of five sections of concrete pavement, including 
specifications for concrete roads. 

The reports of the Maryland Highway Commission mention 
the construction in 1914 of four sections of concrete highway laid 
in Dorchester, Montgomery, Somerset and Talbot Counties, respect- 
ively, these sections totaling 9.8 miles. 

The annual report of the State Highway Commission of New 
York in 1917 records that a number of contracts for first-class con- 
crete roads were awarded during 1914, and that there had been 
built by the New York Commission by the end of 1917, 257.46 
miles of first-class concrete roads. 

The first paper discussing the construction of concrete high- 
ways before the Permanent International Association of Road Con- 
gresses was presented by the author at the third congress held in 
London in 1913 and reported in Engineering News for Sep. 25, 
LOLS: 

The Proceedings of the First National Conference on Concrete 
Road Building, published in Chicago in February, 1917, and of 
the Second National Conference on Concrete Road Building, pub- 
lished in Chicago in February, 1916, are notable in a number of 
respects. 
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These conferences brought together highway engineers and 
others directly interested in the construction of concrete highways. 
Committees were organized a year or more in advance of the con- 
ferences covering all phases of the subject. The reports of these 
committees comprise the proceedings. Never before, in the history 
of road building, had there been called a conference to study speci- 
fically one type of pavement. As a result of these conferences, there 
are to be found in these two volumes of proceedings a complete 
summary of the practice, in great detail, as it had been developed 
up to the time of the holding of the conferences. 

During the past ten years, there have appeared many papers 
and pamphlets which constitute a notable contribution to our 
knowledge, not alone of highway construction, but, through scien- 
tific investigations, of the fundamental physical properties of con- 
crete. ‘These papers are to be found among the proccedings of 
various engineering and technical societies. Reference has been 
made only to some of the earlier of these papers. All of the papers 
which appear among the proceedings of the various engineering 
and other technical societies are usually to be found summarized 
in an excellent manner in the engineering press. 
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“Notes on Concrete Road Construction in Wisconsin.” 

Discussion of paper by H. J. Kuelling regarding use of bank 
run material and necessity for changing proportions and 
thereby disorganizing work of crew. Discussion of specifica- 
tion by Geo. H. Randall of Oshkosh, Wis., for 5-in. concrete 
on %-in. sand layer on 4-in. 1 : 4: 8 base. 

Engineering Record, March 7, 1914. 

“Handling Materials for Concrete Roads.” 

Committee Report by H. P. Gillette; Don. D. Price, State 
Engineer, Nebraska; and Percy H. Wilson, A.P.C.M. at Na- 
tional Conference on Concrete Road Building, Chicago, 
February, 1914. 

Engineering Record, April 4, 1914. 

“Kinks in Concrete Road Construction.” 

Paper by C. D. Franks, on construction practices. 
Engineering Record, July 25, 1914. 

“Industrial Track Equipment for Concrete Road Building.” 
Discussion of Report of committee at Concrete Road Building 
Conference, by Louis Hellman, of Orenstein-Arthur Koppel Co. 
Costs, independence of water, etc., cited. 

Engineering Record, January 30, 1915. 

“Gasoline Locomotive Hauls Material Trains for Concrete High- 
way.” 

Describes method developed by Henry L. Bowlby, State 
Highway Engineer of Oregon, for this type of haul and 
handling batch boxes at mixer. 

Hngmeering Record, March 6, 1915. 

“Materials for Concrete Road Delivered by Industrial Cars from 
Central Plant.” 

Equipment on road between Astoria and Warrenton,—3 miles 
—hby Oregon State Highway Department under direct super- 
vision of Construction Engineer H. L. Burras, reporting to 
H. L. Bowlby. 

*® Concrete Highway Magazine, Vol. 1, 1917. 

(Published by the Portland Cement Association, Chicago.) 

April, page 18; August, pages 17, 20; September, page 12; 
October, pages 1, 17, 18, 23; November, pages 22, 23; De- 
cember, page 22. 
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“ Engimeering Record, October 4, 1913, page 374. 
© Hngineering News, April 29, 1915. 
* National Association of Cement Users, Proceedings. Vol. V, 1909, 
Page 377 and page 381. 
“ Lewis Institute, Chicago. 
Structural Materials Research Laboratory, 
Bulletin 1, 1919. 
“Design of Concrete Mixtures.” 
8% Engineering Record, June 28, 1913. 
“Chevy Chase Experimental Road.” 
Features of design described. 
® California State Automobile Association, Pamphlet 1920. 
“How Much Does Your Team Pull.” 
* National Association of Cement Users, Vol. 1, Proceedings 1905. 
* National Association of Cement Users, Vol. Il, Proceedings 1906. 
'* National Association of Cement Users, Vol. III, Proceedings 1907. 
* National Association of Cement Users; Vol. III, Proceedings 1907. 
** National Association of Cement Users, Vol. II, Proceedings 1907. 
* National Association of Cement Users, Vol. V, Proceedings 1909. 
*“ Municipal Engineering, May 1905. Page 386. 
** Association of Portland Cement Manufacturers. 
“Bulletin 14.” Page 1-17. 
*'This is a list of the more valuable papers to be found among the 
Proceedings of the National Association of Cement Users: 
Vol. VI, 1910. 
“Development of Concrete Road Construction.” 
Richmond, Ind.—Fred R. Charles, City Engineer. 
“Use and Cost of Concrete Blocks in Roadway Construction.” 
Geo. C. Wright, Consulting Engineer, Rochester, N. Y. New 
York State Highway Commission authorized test on Ridge 
Road northwest of City of Rochester, N. Y., in which 1800 
lin. ft. = 2652 sq. yd. of 2-in. concrete cubes were laid on 
thin bed laid directly on old macadam roadway, the gravel 
being at times 2-in. deep and at others no measurable thick- 
ness. Filled with fine loamy gravel—except 100 ft., which 
were filled with portland cement grout. 


Vol. VIII, March, 1912. 
Revised Specifications of above. 
Account of Ann Arbor Practice. 
Account of Mason City, Iowa, practice. 
Vol. IX, December, 1912. 
Standard Specifications. 
E. N. Hines on Wayne County, Michigan. 
R. C. Stubbs on Vibrolithic. 
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Vol. X, 1914. 
Vol. XI, 1915. 
Vol. XII, 1916. 
Construction of Toronto-Hamilton Highway by Day Labor. 
H. S. VanScoyoe, Chief Engineer. 
T. H. Huy, Commissioner. 
Coleman Du Pont Road, Delaware. 
C. M. Upham, Chief Engineer, Coleman Du Pont Road, Inc. 
Proceedings, National Association of Cement Users. 
Construction of Haston-Ailentown Road. 
John T. Gyshart, Jr., formerly Construction Engineer. 
Pennsylvania State Highway Department. 
Essential Features for Successful Construction of Concrete Roads. 
Wm. M. Acheson, Division Engineer, New York State High- 
way Department, Syracuse, N. Y. 
Vol. XIII,\1917. : 
Condition of Wayne County Concrete Roads—A. N. Johnson. 
Specifications adopted by letter ballot: for 


I™course: toad? sconce ane ee eee No. 5 
licoursex streete, owatonna No. 17 
2 courses; streets sya, eon eee No. 18 
1Scoursealley: =e erie Pee evi No. 19 
Between .cat. tracks: (ieee cmc nee eee No. 20 


Maintenance of Concrete Roads in Connecticut. 
W. Leroy Ulrich, State Highway Department of Connecticut. 
Some Recent Developments in the Construction of Concrete Roads. 
Wm. M. Kinney, Universal Portland Cement Co. 
Industrial Haul 
Baker 
Tractor, Belt, Finishing Machines 
Cowell 
Stubbs vibrator. 
Proceedings, A. C. I., 1922, Vol. XVIII, Cleveland, February 13- 
16, 1922. 
Report of Committee 8-6 informally by C. R. Ege discusses 
present investigations; Pittsburg Test Road, Bates Experi- 
mental Road, U. S. Bureau Public Roads at Arlington. Work 
of D. A. Abrams based on that; similar work by State High- 
way Departments, showing how we can build good concrete 
pavements, using such aggregates as are economically avail- 
able. 
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CHAIRMAN Humpurey.—Mr, A. P. Davis is well qualified to 
speak on “Mass Concrete,’ because of his more than seventeen 
years in the U. 8. Reclamation Service in the development of irri- 
gation projects; in the construction of the dams and other con- 
trolling works concrete has been and is largely used,—especially 
for mass work. 

Mr. Davis was successively Chief Engineer and Director of the 
Reclamation Service and is a Past-President of the American So- 
ciety of Owil Engineers; he is unable to be here because of pro- 
fessional engagements in. Washington. But that misfortune is a 
blessing in that it affords us the opportunity to have before us a 
fellow member who has been very active—giving a great deal of 
energy and of time to the assembling and arranging of the excel- 
lent and very interesting historical exhibits which form a memo- 
rable part of this Anniversary. He needs no introduction to you. 

It is my pleasure to present to you Mr. A. W. Stephens, who 
is not only a good fellow, but a very good engineer and an expert 
im reinforced-concrete design and construction, who will read Mr. 
Davis paper. 


Use or ConcRETE FOR Dams, TUNNELS, CULVERTS 
: AND CANALS. 


By Arruur P. Davis 


CONSULTING ENGINEER, BERKELEY, CALIF. 


HE subject assigned this paper itself illustrates one of the 

greatest merits of concrete, namely, its adaptability to a large 
variety of conditions. The use of concrete is such an advance in 
masonry construction as was made in the use of iron when it he- 
came practicable to melt and cast it in the form desired. 

The manufacture of artificial stone in the form and position 
desired is an art that has advanced greatly within the past few 
years, and is still doubtless susceptible of improvement. It is pos- 
sible to form such stone of good quality by depositing it deep in 
water, or to blow it through pipes for tunnel lining or in similar 
locations difficult of access. Such facility of manipulation lends 
itself especially to the requirements of tunnels, conduits, culverts 
and other structures involving complicated details and accessories. 

Though the advantages of concrete over natural stone are im- 
portant as regards convenience, speed and economy, yet probably 
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its greatest advantage is the facility with which metal reinforce- 
ment can be incorporated to any extent and in any form desired, 
so that it can be made monolithic, and can thus preserve comph- 
cated forms and shapes, with such distribution of strength by ap- 
propriate distribution of reinforcement as the needs of the struc- 
ture may require. This valuable quality makes concrete adaptable 
with facility and economy to a great variety of structures which 


SUN RIVER PROJECT, MONTANA. 


Fort Shaw Unit, Simms Creek pressure pipe looking west. 


are entirely outside of the realm of natural stone, or indeed of any 
material approaching concrete in permanence and durability. 

The adaptability of concrete to the requirements of the com- 
plicated and elaborate structures alluded to above, depends to a 
large extent on the practicability of providing and manipulating 
the forms necessary for such purposes. In fact, cases occur where 
the cost of forming and of manipulating the forms render the 
substitution of some other material desirable. 


The developments in this line have made notable advance in 
recent years, and we may expect improvements in the same direc- 
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tion in the near future that will add materially to the use of con- 
crete in structures of the kind mentioned. 

Concrete is essentially artificial stone. Its manufacture in- 
volves a chemical process, requiring a length of time which affords 
opportunity for handling and depositing it in molds or such other 
positions as may be desirable. It is necessary to complete any 
necessary manipulation of the concrete prior to the time that the 
hardening begins and hence before the chemical action has ma- 


ELEPHANT BUTTE DAM UNDER CONSTRUCTION, RIO GRANDE, NEW MEXICO. 


Showing Columnar Construction Method. 


terially advanced. It follows that practically all of that chemical 
action occurs after the concrete is in place. This chemical action 
generates an appreciable amount of heat, which in turn increases 
the volume of the concrete while it is still in a condition to adapt 
its shape and volume to its environment. As the hardening pro- 
-ceeds under the increased temperature, its shape becomes perma- 
nent, and when the chemical action is completed the temperature 
subsides, and the volume is reduced accordingly. As the concrete 
contracts on cooling there is a tendency for long structures, such as 
pavements, walls, etc., to crack at intervals, which vary with cli- 
matic and many other conditions, but which must be reckoned with, 


92 TWENTIETH ANNIVERSARY PAPERS. 


if such cracks are detrimental, or for any reason undesirable. If 
such cracks are left to chance, they are ragged and irregular, and 
as changes of temperature occur, incipient disintegration is en- 
couraged, and hence it is desirable to control the form and position 
of such cracks, by the provision of contraction joints, which can 
take care of the small movements induced by temperature, and 
which are of many kinds, varying with the conditions that must 
be met. 

Some recent experience shows that the tendency to form 
cracks or to open joints provided, is less if the concrete is placed 


GALVESTON SEAWAIL EXTENSION. 


Steel Superstructure Forms with Form Traveler. 


in cold weather, or as to place it in compression when warmer tem- 
perature arrives, and minimize the contraction in cold weather. 
These problems assume great importance in conduits, dams, and 
similar structures where leakage is undesirable. In the case of 
concrete pipes, not only is it desirable to place the concrete under 
conditions of minimum temperature, but to restrict changes of 
temperature by burying the pipe. By following these rules, con- 
crete pipes properly reinforced have been made to successfully con- 
duct water under pressure heads exceeding 100 feet. 

This has been accomplished by first precasting the pipe in 
convenient lengths in a central yard, where by suitable appliances 
and proper materials first class work could be done, and the curing 
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of the concrete carried out in a proper manner under favorable 
conditions. ‘These pipes were laid after all the chemical heat of 
setting was dissipated, in weather colder than the mean annual 
temperature of the locality, the joints were carefully sealed, and 
the pipe properly covered to a depth sufficient to protect it from 
great changes of temperature. 

The success of past experience indicates that reinforced con- 
crete can be advantageously employed for pressure pipes involving 


WILSON DAM, TENNESSEE RIVER. 


Dec. 17, 1923—-Draft Tube Cones at North End Power House. 


much higher heads than any yet attempted. Progress in this di- 
rection may be expected in the near future, and is rendered very 
desirable by the unstable and temporary character of such other 
substances as are adaptable to the uses described. 

The problem of expansion and contraction has been met in 
the cases of at least two high dams, in a manner that may be 
worthy of description. 

One of these dams was straight, and the other curved on a 
long radius, i. e. (785 ft.), and both were designed to be stable as 
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gravity structures. In order to forestall and prevent the opening 
of cracks in these dams, they were built in columns, separated by 
joints normal to the faces of the structure and alternate columns 
were built to considerable height, while those lying between were 
left a considerable time for later construction. After the columns 
first constructed had completely hardened and lost their chemical 
heat, and so far as practicable in the latter part of the winter, 
while the cold of winter had chilled the entire body of the columns 
built, and reduced them to a minimum volume, then the other 
columns were built. The latter were of materially smaller volume 
than the former, so that the chemical heat and resulting expansion 
would be correspondingly small. 

By this proceeding, the whole structure is placed in compres- 
sion during the heat of summer, and the results show that the 
joints do not materially open when winter contracts the volume of 
the masonry. In addition to preventing leakage the condition of 
high compression thus induced increases the tendency in the case 
of the straight dam, to act as a beam, and in the case of the curved 
dam, to act as an arch. At any rate the precautions taken have 
resulted satisfactorily, and have added nothing material to the cost 
of the structures involved. 

Somewhat similar precautions have been taken with concrete 
lining for conduits, and where this is carefully done, the precau- 
tions have been justified by the results. 

Since many of the structures of which this paper treats, re- 
quire a high degree of water-tightness, experiments on this point 
have been from time to time carried out, and advance has been 
made along this line. One of the most efficient measures yet used 
is the application of the cement gun. This machine properly used 
produces a stone, so dense, hard and impervious as fairly to be 
considered in the first rank of its kind, and a plaster so made and 
apphed can be made to adhere to old concrete or other structural 
materials, in a degree highly satisfactory and useful. 

The transportation and placement of concrete by the pneu- 
matic method, especially in positions difficult of access otherwise, 
such as in tunnel linings, has shown such economy and excellence 
of results as to encourage further experiment and to promise im- 
portant results. 
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The transportation and deposit of concrete by pouring through 
pipes and troughs, which has rapidly grown in favor in recent 
years, has received something of a jar by the experimental demon- 
stration of the serious dangers of using too much water in the mix, 
and further study is needed to ascertain the feasibility and means 
of reconciling the chemical needs of the mix, with the fluidity 
necessary for rapid and economical placement, and satisfactory 
moulding against the forms. The need of further information on 
this line applies as well to the pneumatic method of transporta- 
tion and deposit. 

The American Society of Civil Engineers has appointed a 
committee to examine the movements and the stresses in arch dams, 
and as these are nearly all built of concrete, we may expect from 
this committee a valuable contribution to the literature treating 
of the use of concrete for this purpose. 

- Another encouraging feature of the present outlook is the 
tendency to discuss, and encourage discussion of the various uses” 
of concrete, and experience therewith, which is exemplified by this 
and similar meetings. 
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CHAIRMAN HuMpuHREY.—IJn the history of the Cement Indus- 
try in this country there is an outstanding personality—an im- 
portant factor im its development—a pioneer in the art—a man 
of fine characier and of indomitable perseverance. The industry 
owes a great deal to the late Ernest L. Ransome for his labors 
in developing the art of Reinforced-Concrete Construction. 

His forebear was Frederick Ransome, the inventor of the 
Rotary Kiln, which has had such a marked inflwence on the devel- 
opment of the Portland Cement Industry. It seems particularly 
fitting that another Ransome, also-in the industry, the son of 
Ernest L. Ransome, should address the Institute on 

“The Mechanical Equipment for Handling Concrete” 
it is my pleasure to present to you 


Mr. A. W. RANSOME. 


THE MECHANICAL EQUIPMENT FOR HANDLING 
CONCRETE. 


By A. W. Ransome 


Or RANSoME & MCCLELLAND, INC., SAN FRANCISCO, CALIF. 


URING a single life-time concrete has progressed from a po- 

sition comparatively unimportant to its present pre-eminence 

in the field of engineering construction. ‘This is in large part due 

to the development of efficient tools to carry out the performance 
of the work. 

As a small boy I played in a yard among fragments which 
marked some of the earliest attempts to make concrete something 
more than a material from which to make sidewalks, to cast lintels, 
flower pots or baptismal founts. It is rather an astonishing fact 
that in that yard were conceived most of the fundamental ideas 
underlying both the construction and the mechanical sides of the 
industry. ‘To confine myself to the mechanical side, we have the 
present day mixer, the power loader, the flat top measuring barrow, 
the concrete hoist bucket, the two-wheel cart, the boom and bucket 
distributor, all these ideas were conceived there, as witnessed by the 
files of the U. S. Patent Office. 

In the beginning, the user of concrete was faced with the prob- 
lem of how to mix the ingredients together into a plastic mass and 
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how to transport this mass to its final resting place in the elevated 
forms, or into a hole in the ground, as the case might be, where 
this plastic mass was to harden and become an integral part of the 
structure desired. No mechanical equipment was existent for this 
work of mixing, hoisting and distributing the plastic mass and it 
was soon evident that the strides that were being made by the 
pioneers in design and use of concrete and reinforced conerete, and 
their research as to its adaptability to structures of ever-increasing 
magnitude and importancee, would be of no avail, if economical 
mechanical means could not be found to replace manual labor in 
the actual manufacture of concrete. Without mechanical aid for 
the work, the scope of the industry must be forever limited, due to 
the number of man hours involved in mixing and transporting 
concrete without mechanical aid. In this industry, to an unusual 
degree, we find the demand for increased output, combined with the 
necessity for reduction of the labor involved, as the two factors 
exerting a resistless pressure for mechanical aid. This demand has 
been answered effectively by the genius of the equipment engineer 
so that today, on any great project constructed of conerete, e:ther 
plain or reinforced, we see an array of powerful and efficient ma- 
chinery all designed and built for its specific duty, giving an almost 
unlimited capacity for mixing and placing concrete and reducing 
to a minute fraction the man hours that would have been originally 
involved in the same operations, had such even been possible with- 
out the aid of machinery. ‘The adoption of the present day equip- 
ment for handling concrete has had another equally valuable in- 
fluence on the development of the art in that the inequalities in 
concrete are largely removed and now, with the uniform gauging 
of materials, thorough mixing and rapid distribution, the designing 
engineer is relieved of the great worry as to the actual strength 
of the concrete as it is placed in the forms, and with this con- 
tingency removed, he is justified in practicing economies in design 
that would be unsafe, were he not sure of the quality of concrete. 

The materials were spread on a platform of wood or steel, in 
layers, one on top the other, measured in bottomless boxes. They 
were turned three times dry and three times wet, the third turn 
often being into the work or into the barrow which conveyed it to 
the work. We shall see this dry mix persisting for a considerable 
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period after machine mixing came into use; likewise we shall see 
persist the tendency to short cut operations involving fatigue. 

Those were the days of the Irish, Swede and German laborer 
and we considered it a fair day’s work for a crew of eight men to 
mix and place on the level 40 cu. yd. per day, or 5 cu. yd. per 
man. Present day labor will not average more than 2 yards per 
man. We pay the 2 yd. man 60e per hour; we paid the 5 yd. man 
15 to 17¢ per hour. 1 

To turn out such a yardage as is frequently required today, 
would necessitate a return to labor conditions prevailing in the 
time of the Pharaohs, if we attempted to mix by hand. On the 
Heteh Hetchy Dam six men and two mixers turned out 160 eu. yd. 
in an hour; mixing by hand would require 640 men and an acre 
or two of ground. Not least among the junctions of plant is that 
of keeping the organization within reasonable limits. 

The first mixer was developed more because of a desire to im- 
prove the quality of the mix than to reduce the actual cost of 
mixing. ; 

In the days of baptismal fonts and flower pots, Mr. Ransome 
had used a mixer which was essentially a barrel with a door at the 
hase. A vertical shaft fitted with paddles was driven through 
hevel gears. The top was open. 

The demand was for “dry mixed concrete,” ete., “to be de- 
posited in layers not exceeding 6 in. thick, and rammed unti! 
moisture collects upon the surface.” The tampers in those days 
weighed 14 to 20 lb., had faces 6 to 12 in. square, and were man- 
killers. It was a curious thing how the handles of those tampers 
were always highly polished. ‘The men had a habit of resting the 
tamper and moving the hands only. 

Mixer No. 1 was quickly followed by No. 2, which was in effect 
simply a variation of the Chilean Wheel. This in turn was fol- 
lowed by a long 30 ft. octagonal drum, also of wood. This was 
set on an incline, and the materials fed into the drum passed 
through continuously. It was necessary to measure the materials 
on a platform in layers. 

This machine was followed immediately by a wooden cube with 
a hollow trunnion through which water was fed to the batch. T 
might say here that in all the early mixers it was considered neces- 
sary to mix materials first dry, and the water was added later. The 
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introduction of the hollow trunnion was a great time saver in that 
it was not necessary to top the cube for the water. ‘The introdue- 
tion of this hollow trunnion was an important step. 

It was a simple matter now to enlarge this trunnion to the 
point that all materials could be fed through the head, and the 
mixer revolved continuously. 

The next step was the adoption of the cylindrical drum and in 
1885 appeared the prototype of the present Ransome mixer. ‘This 
first mixer was built of wood, with movable blades which were set 
in mixing or discharging position through cams and quadrant. A 
folding chute extended through the drum. The discharge required 
two operations, and required approximately 35 seconds for a half- 
yard batch. 

In 1900 the movable blades were eliminated and the folding 
chute was discarded, resulting in the discharge of a batch in 15 to 
18 seconds. It is at this point, the discharge, that the greatest 
savings have been made in the mixing operations. The Ransome 
mixer of today will discharge a full one-yard batch within 12 
seconds. 

Since 1900 the development has been mainly in the. direction 
of higher mechanical efficiency of the parts. Attention has been 
focused mainly upon the refinement of details rather than radical 
changes in design. 

Ten years ago I guaranteed .a Ransome two-yard mixer to 
handle 50,000 eu. yd. without repair. On the Hetch Hetchy project 
two Ransome mixers handled each 200,000 cu. yd. without repair 
other than one renewal of blades. Blades have been increased in 
thickness, and it is only a matter of time until a special alloy steel 
will be substituted for the present material. 

Hyatt roller bearings were repeatedly tried out and found 
wanting when used in connection with mild steel. To get results a 
special high carbon shaft is essential. 

We struggled for several years with the problem of securing 
traction rings on the drums that would not wear cuppy. Rolled 
steel tires were shrunk on cast iron rings in the search for effective 
wearing surfaces and finally came the standard locomotive tires, 
which are standard construction on the present Ransome mixers. 
We found that one of the contributing causes to uneven wear on 
the traction rings lay in the practice of keying both rollers fast to 
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the roller shaft. The action of these rollers is similar to the action 
of the wheels on the ordinary trolley car. It was the sight of a 
crew of men on the corner of Jackson and Dearborn streets grind- 
ing down the humps out of trolley tracks that lead us to the conclu- 
sion that this practice of two rollers keyed on a single shaft was 
wrong, and we adopted rollers fitted with Hyatt roller bearings re- 
volving free on high carbon shafts. 

The period from 1898 to 1910 saw a great many machines 
of radically different principle tried out for mixing the ingredients 
of concrete, but each in turn has been discarded for what is known 
as the batch mixer. Government engineers in the Reclamation 
Service constructed what was known as a gravity mixer which was 
nothing but a series of hoppers, one under the other, the ingredients 
being dumped into the top hopper and then allowed to fall by 
gravity through the series of hoppers, the necessary water being 
supplied to the dry ingredients, as they fell from one hopper to 
the other by gravity. The results of this scheme was not de- 
pendable, as the heavy aggregate was more apt to separate from the 
finer aggregate than to mix with it. A further development of 
this first principle of gravity mixing was a vertical tunnel -in 
which the ingredients of the concrete were deflected from side to 
side by baffle plates. The results of this scheme were not any more 
satisfactory than that given by the series of hoppers first used. 
At a later period a good deal of attention was devoted of what 
might be called a continuous type of mixer which generally took 
the form of a horizontal trough wherein the materials were 
charged at one end and discharged at the other, through the action 
of spades attached to a shaft, rotating along the axis of the trough. 
the water being supplied to the dry ingredients from a perforated 
pipe over the top of the trough. ‘The mixing in this type of ma- 
chine was faulty and the proportioning of the ingredients even less 
satisfactory, as the sand and cement was usually shovelled in at one 
side of the trough and the stone in the other, the relative propor- 
tions of the sand, stone and cement depending entirely upon the 
speed with which these materials were shovelled into the trough. 
Various automatic devices were also tried. 

While in appearance the mixers manufactured by a consider- 
able number of firms vary a great deal, it is truthful to say that 
they are all operated on the same general principle. A batch of 
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concrete composed of definite proportions of ingredients is placed 
within rotating drums of various shapes and with various kinds 
of baffle plates or blades and is tumbled in these drums until it is 
thoroughly mixed and is then discharged before another batch 
of ingredients is allowed to enter the drums. The capacities of 
these mixers vary as a rule, from a small one-bag machine which 
will turn out ordinarily about one-sixth of a cubic yard of mixed 
concrete per batch, to. the huge machines which will turn out two 
yards of mixed concrete at a time. The smaller machines are used 
where small amounts of concrete are desired at different points 
and their size, as a rule, makes them easily portable, so that the 
machine itself may be moved around, rather than make necessary 
the transportation of the mixed concrete. The large machines, we 
generally find set up in a permanent location, and it is found 
economical to construct storage bins fed by conveyors or derricks 
so that the capacity of the big machines may not be decreased by 
delays in charging the same with the dry materials and water. In 
cases like these, elaborate arrangements are usually made for trans- 
porting the mixed concrete to its final resting place, inasmuch as 
the magnitude of the big mixer installation represents too much 
of an investment for the same to be pulled down and moved as the 
work progresses away from the same. 

During the construction of the Panama Canal, mixers of 
4 cu. yd. capacity were designed for some of the lock work, but 
while they worked successfully, they were of such a cumbersome 
_ nature that it is probable that if that work were being done today, 
we would find batteries of smaller mixers, probably of not more 
than two yards capacity, replacing the fewer number of gigantic 
four-yard mixers. In the ordinary run of concrete construction 
work, especially as applied to buildings, a machine of one-yard 
capacity is about as large as is ordinarily used. It has been found 
possible with such a machine, when the time of charging and dis- 
charging is cut to a minimum by the use of storage bins from 
which the ingredients are charged into the hopper by gravity, to 
produce a batch of concrete at intervals of a minute and a half and 
yet allow a satisfactory period for mixing within the machine. 
Such a machine has, therefore, a capacity of over 300 cu. yd. of 
concrete in an eight-hour working day and this capacity is usually 
sufficient for the area that can be economically handled by one 
machine. 
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At about the same time that developments and refinements 
were taking place in the mixer, the need of a more economicat! 
method of hoisting concrete was obvious. When the first mixers 
were used, the concrete that was to be elevated was generally 
dumped from the mixer into a side or bottom dump bucket which 
had been run under the discharge chute of the mixer on a small 
flat car. When loaded, this bucket could be run back to where it 
could be reached by the fall of a derrick and could then be hoisted 
by this derrick and the contents of the bucket deposited in an ele- 
vated hopper. From this hopper the concrete could be distributed 
by wheelbarrows or possibly the bucket could be set upon another 
flat car at the higher elevation so that the whole might be moved 
over a system of industrial tracks to, the location where concrete 
was being deposited. On small work, the concrete was usually 
drawn directly from the discharge chute of the mixer into wheel- 
barrows which were then run on a platform hoist such as is gener- 
ally constructed for handling brick work. The first great improve- 
ment in the methods of hoisting concrete was the development of a 
special tower with guides in which some form of a concrete bucket 
was housed, this bucket automatically discharging its contents at 
the proper elevation into a concrete hopper from which the con- 
crete was in turn discharged into carts or wheelbarrows, the flow 
being controlled by gates. This system of hoisting concrete has 
not changed very much from the time of its first adoption, the 
principal changes being rather in the refinement and improvement 
of the mechanical features of the operation. The details of the 
buckets have heen greatly improved so that they may discharge 
more rapidly and with less jar to the hoisting tower. he details 
of construction of the buckets have been improved so that the cost 
of maintenance is much less than in the beginning. The first 
towers were all built of wood, the timber members being of various 
sizes, depending upon the height of the tower and the capacity of 
the plant, the method of vertical posts and cross bracing differing 
considerably on each installation. 

There was practically no salvage to a wooden hoist tower after 
the job was completed, although a great deal of time and money 
may have been spent in the proper fabrication of that tower. Many 
builders realized the waste due to the expensive framing and build- 
ing of a tower and then junking the same at the end of the opera- 
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tion. This thought led to the development of the steel hoist tower 
which could be easily erected and taken down and used an in- 
definite number of times, with only slight repairs. We now see 
the steel hoist tower in its various forms on the majority of the 
larger operations and it has become a regular item of plant in the 
yards of most of the large builders, who specialize in concrete con- 
struction work. 

With the development of the mixer and the hoisting plant so 
that large quantities of concrete could be mixed and hoisted with 
rapidity to any elevation desired, it was soon noticeable that the 
principal congestion would take place in the lateral distribution of 
the concrete to the points where it was to be deposited. At first, 
wheelbarrows were used and with their capacity of only a few cubic 
feet, a great number of wheelers was necessary to carry away from 
a powerful concrete plant the output of the same. The ability of 
a single man to distribute concrete was greatly improved when the 
two wheeled concrete cart was devised. My father was the inventor 
for both the present day hoisting bucket and the two-wheel carts. 
With this means of transport, a workman could handle five to 
six cubic feet of conerete with less effort than he had formerly 
handled two feet. It still seemed, however, that too many man 
hours were being consumed in the lateral transportation of concrete 
from the hoist tower to the place of deposit and this led to the 
development of the transportation of concrete through inclined 
chutes. Experiment showed that concrete, in a plastic condition. 
could be easily transported through metal chutes of proper shape, 
when these were inclined at an angle of about 23 deg. to the hori- 
zontal. The transportation of concrete through chutes simply 
meant that the height to which the concrete was elevated had to 
be increased slightly and then a wide lateral distribution of con- 
crete could be made by gravity. It is probable that more time has 
been devoted by plant engineers to the development of chuting sys- 
tems than to any other item of plant and today we find many re- 
finements in that equipment, especially as to its general efficiency 
and the ease with which the point of discharge may be moved 
around. 

One of the most successful details that has been worked out 
in the refinement of the equipment for chuting concrete has been 

‘the development of what is known as a sliding frame attach- 


104 TWENTIETH ANNIVERSARY PAPERS. 


ment for the concrete tower, which, when used in conjunction 
with a counterweight boom equipment, gives a very mobile plant 
that can be easily elevated from floor to floor and one that has 
great elasticity for lateral movement. This kind of equipment is 
especially adapted to the construction of buildings where only rela- 
tively small quantities of concrete can be deposited in one place 
without the lateral or vertical movement of the discharge chute. 
For heavy dam work and work of a similar character, we still see 
heavy straight line chutes supported on cable ways, inasmuch as 
this type of chute can be used for the widest distribution of con- 
crete, but naturally it is only suitable where large quantities of the 
material are placed in certain locations, due to the difficulty of 
changes in alignment of such equipment. 

In the same manner that very small mixers have been 
efficiently developed for very small work, so hoisting plants of 
small capacity, but of extreme simplicity and ease of erection, 
have been developed, where the quantity of concrete to be elevated 
is so small that the expense of erecting an ordinary concrete tower 
could not be borne. Such equipment is known as a mast hoist. 
wherein a timber or steel mast is erected to a considerable height. 
An especially made bucket which takes the discharge of concrete 
directly from a mixer, slides upon this mast and discharges its out- 
put into a smaller hopper, also supported by the mast. This hop- 
per is easily raised and lowered and from this hopper the concrete 
is carried to point of deposit by small steel chutes. Such equip- 
ment is found economical for hoisting concrete where the quanti- 
ties to be placed per day are small. 

For special work, such as the lining of tunnels and other un- 
derground concrete work a system of pneumatic transportation has 
been devised and operated with some success. It is probable. 
though, that such transportation of plastic concrete will never come 
into general practice. For long distance carry by this method, it 
is difficult to keep uniform the velocity of the transporting air and 
the heavier parts of the aggregate have a tendency to lag behind 
the lighter parts, often necessitating a re-mixing of the concrete 
when discharged. Difficulty has been found in handling the pneu- 
matic method of transportation of concrete through pipes, because 
where this transportation takes place over any great distance, there 
is always a very considerable quantity of concrete in transport and 
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in case of a necessary shutdown, this concrete has to be cleared 
from the transporting pipes and probably wasted. In case of any 
breakdown in the system, great danger arises from the possibility 
that the concrete cannot be removed from the transporting pipes 
before its initial set clogs up the system of transportation. 

Space is not allowed here to even mention the numerable ap- 
pliances that have been developed to increase the efficiency of the 
mechanical handling of concrete, but it is safe to say that at the 
present time the engineer laying out the plant to handle the con- 
crete work on any project finds at his disposal such an array of 
efficient machinery for every phase of the work that he is really 
apt to use too much plant, instead of too little. 

It is one of the problems of the engineer having charge of 
this part of the work to make a careful analysis of what he has to 
do, so that the value of the depreciation of his plant and the cost 
of its installation will not exceed the value of the labor to be saved 
by its use. This phase of the problem has been discussed in the 
proceedings of your Institute during the last several years by the 
report of the committee on contractor’s plant. 
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CHAIRMAN HumMpureY.—In these days when reinforced-con- 
crete is of such general application perhaps few of us have a real 
appreciation of just what the embedment of metal in concrete has 
done in opening up a great industry. The reinforced-concrete work 
we are doing now is primitive as compared with what may be 
attained—we do not at present think it is primitive, but 1 will 
be so considered, the speaker is sure, in the light of the knowledge 
and achievement of the years to come. . 

In the days of ancient Rome, when men were beginning to 
get some idea of the value of cement, architecture covered en- 
gineering; and so Vetruvius, when he wrote his work on “Archi- 
tecture,” was also speaking of the engineering of that period. It 
seems particularly appropriate therefore that an opening the after- 
noon’s session on concrete the first speaker should be an architect. 
This particular architect is a@ man who has had vision and has 
been able to apply concrete without any indication that he had to 
use it, but with appreciation of its real merits; it is with pleas- 
ure that I present Mr. Albert Kahn, who will speak on 


“Reinforced-Concrete Buildings.” 


REINFORCED-CONCRETE ARCHITECTURE THESE Past 
Twenty YEARS. 


By ALBert KAHN 


ARCHITECT, Derrorr, Micn. 


HIS, the twentieth anniversary of the American Concrete Jn- 

stitute, is a very proper occasion for reviewing what has been 
accomplished these past years in the field of reinforeed-concrete. 

Considerable has been done in the coniparatively short time. 
Unexpected results have been attained, progress has been constant, 
but much still remains to be done and undreamed of possibilities 
will be realities within the life-time of many present. 

Naturally, the early history is full of experiments. That such 
systems as were exploited at the outset by metal lath, wire fence 
and cable manufacturers did not result in more failures is inex- 
plicable and miraculous. When we recall the numerous structures 
erected at the time with floors of 20 ft. and 30 ft. spans of cinder 
concrete reinforced with cables stretched from wall to wall, the 
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structural design mere guess work, we can only marvel at the 
protection of a kind Providence and hope that the interior parti- 
tions in these buildings may never be removed. Many indeed were 
the fools who rushed .in where angels feared to tread. But fools, 
men with vision, if you please, are necessary in the progress of 
mankind and were needed in the development of reinforced con- 
crete. Of course, there were failures, serious ones, but upon these 
failures were built the successes that have followed. 

We recall, as with all things new, the serious opposition en- 
countered at the outset from laymen who could not comprehend 
how a wet mixture of sand, stone and portland cement with a cer- 
tain number of steel rods placed about could carry its own dead 
weight, much less heavy live loads. But even more strenuous was 
the reaction from engineers and architects. Indeed, the chief dif- 
ficulty was to overcome the resistance and inertia of these profes- 
sional men who had feelings of doubt and clung tenaciously to 
the forms of construction with which they were more familiar. 
Somewhat like the country man on a visit to the city who entering 
a building asked the woman in charge, “Be this the Woman’s [Ex- : 
change?” “Yes,” was the reply. “Be you the woman?” “TI am.” 
“Well, I guess Pll hang on to Maggie.” 

We remember the adverse efforts of the clay tile industry, 
which, with the introduction and development of the new construc 
tion feared ruin for itself. Who does not recall their trade journals 
with glaring accounts of concrete failures and articles predicting 
the direst happenings ? 

The structural steel interests were no less strenuous in their 
vilification. They, also, feared heavy inroads upon their product, 
groundlessly, of course. 

Even the lumber interests combated the advancement of the 
new construction, but they now find that their material is required 
in greater quantities than ever, the lumber necessary for form 
work being no small factor in this increased demand. 

A very serious obstacle to the development of reinforced-con- 
erete was the over-enthusiasm of its early devotees, who, believing 
it a panacea, undertook to use it for any and every problem. We 
have since learned that isolated columns and beams are cheaper 
and quicker of erection in structural steel fire-proofed, ‘and that 
long span trusses high up are as a rule more costly and more dif- 
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ficult to construct in reinforced-concrete than in structural steel. 
Some ill-advised undertakings naturally had a retarding effect 
upon the progress of the art, but they were necessary to determine 
the limitations of the new construction. ‘Today the practical en- 
gineer or architect quickly decides which best serves its specific 
purpose and does not hesitate to use the different materials in com- 
bination, to the end of producing the best result, most economically. 

Another hindrance was the lack of authentic data on rein- 
forced-concrete. Hverybody devised his own method of computa- 
tion and needless to say no two agreed. As to the methods of 
constructing form work and when to strike same, all was mere 
guess work and many a mishap was caused by the lack of definite 
knowledge or information. Out of this chaos there developed a 
few men who by means of tests and experiments contributed their 
ideas and results for safe formulae and methods. Monier, Coignet. 
Considere and Hennebique gave reinforced-concrete its real start. 
Its present highly developed state in this country, however, is due 
in the largest measure to engineers connected with commercial in- 
stitutions who possessed the courage and initiative to design and 
build structures in the more practical methods conceived by them. 
They were real pioneers, did the real work, made the mistakes and 
suffered the consequences. Their errors and resultant losses formed 
the foundation upon which the theory and practice of reinforced- 
concrete was really established. 

Chief among the objections at first to reinforced-concrete was 
its dead weight and consequent size of the columns. Thereupon 
were developed the hooped column and the various types of hollow 
floors. 

The introduction of the flat slab system created great con- 
sternation in the minds of architects and engineers and met with 
the most determined opposition. How was it to be calculated? 
It stood up, but how and why? Methods of computation had to 
be revised and the dependence upon tests was increased. Whatever 
the extravagant claims made for this type of construction by its 
first advocate, it is one of the important contributions of America. 

History is still in the making. There will be further de- 
velopments in practice, building laws will be revised to take fuller 
advantagé of the potentialities of reinforced-concrete, concrete de- 
sign will grow lighter, more elastic and more economical. Greater 
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knowledge of the subject, better materials, more perfect control 
and the concerted efforts of this association will help to bring this 
about. 

But enough of this. You gentlemen are familiar with the his- 
tory of reinforced-concrete in building, wherefore I shall address 
myself more to what architects and architecture have contributed. 
As was to be expected, reinforced-concrete in the first instances in 
this country was employed merely in the construction of skeleton 
frames, much as in steel, with the one difference, that the floors 
were part and parcel of the frame, which latter made for a more 
rigid building. The exterior facings were masonry of one kind 
or another supported by and enclosing this frame. 

Kuropean architects less familiar with this method of build- 
ing, employed concrete from the outset for exterior facings. With 
labor costs much lower, and careful workmanship more general 
than here, it was only natural that they should produce results 
quite impossible in this country. Furthermore, the climate in 
those parts where reinforced-concrete was most used was less severe 
than in most sections here. ‘They, therefore, had a different 
problem. 

Concrete being plastic in its initial state, it was easy to mould 
it into forms, which were quite impossible with stone or brick, the 
very facility with which the material could be shaped proving 
the prime cause of much that is bizzare. The “Nouveau Art” 
movement was sweeping Hurope just at the time and exerted a 
deleterious influence upon design in general and particularly rein- 
forced-concrete which permitted the use of such extraordinary 
forms. The wildest conceits were foisted upon the public as 
works of art. Nor has the orgy ended, for “Nouveau Art” has 
since given way to still more degenerate forms attending the latest 
and worst of all, the “Ultra Modern” movement. What this means 
is proved by examination of most of the foreign designs submitted 
in the competition for the Chicago Tribune Building, many of 
which are mere travesties. At that, much of the pre-war work of 
especially German architects is outstandingly good. 

In France, the use of reinforced-concrete grew rapidly. It 
lent itself especially to the extravagances in which its modern 
architecture loves to indulge. Whatever the opinion of French 
architects of their productions, it is well that at least American 
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architects have allowed themselves to be but little influenced 
thereby. 

In Belgium, Italy, and Austria, the French precepts were 
largely: followed, with results even more flamboyant and queer. 
The sanest, and certainly the most comprehensive development has 
been that in the United States. Here the material was first used 
for purely utilitarian purposes as a means to an end, the latter 
being fireproof buildings, well lighted at low cost. The new sys- 
tem* of construction seemed particularly adapted for industrial 
buildings. The skeleton frame of a material that, unlke steel, 
required no further covering for protection against weather af- 
forded a maximum glass area so essential in manufacturing build- 
ings; the scheme of slender columns, curtain walls and large sur- 
faces of glass, the rigid vibration-proof, fireproof contruction, at a 
price only slightly more than that of mill, quickly appealed to 
manufacturers and grew in favor in spite of the early opposition. 
Even the first efforts without attempt at design produced more 
attractive results than were common with the old-style factory 
buildings. Since then there has been distinct advance and there 
has been created something akin to an individual and characteristic ° 
type. Our successful results in the main are founded on the age- 
old principle of employing’ forms suitable to the material and 
avoiding forms difficult to execute. Simplicity, honest recognition 
of what was possible with the new material, direct and frank ex- 
pression of the problems have been the keynote. 

At first, there were attempts at imitating other materials, par- 
ticularly by blocking and forming rustications, complex belt 
courses and cornices, to imitate stone. But use of forms charac- 
teristic of other materials and imitation have always proved a 
failure. In conerete it could be no different. On the other hand, 
frank appreciation of the lmitations, adherence to well-established 
laws of composition and proportion, have ever been underlying 
principles of good design. Indeed the very restrictions have often 
proved the basis of suecessful work. 

Since a reinforced-concrete structure is primarily a series of 
columns, supporting lintels and floors, the most direct external ex- 
pression would emphasize the vertical element. In most of the best 
work, therefore, the vertical lme predominates, piers of varying 
sizes extending from the ground straight up, even past the roof 
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line. Good proportion in mass as well as solids and voids, play 
of light and shade produced by judiciously managed projecting 
surfaces, restrained use of mouldings and ornamentation are char- 
acteristic of the best concrete work. And so effective have been 
the results procured hy observance of these restrictions, that they 
have been applied to other modern masonry architecture with dis- 
tinct gain in appearance. 

Architecture has ever been the recorder of man’s progress. 
This is an age of utilitarianism, of the practical, and today’s archi- 
tecture is a manifestation thereof. We do not lack appreciation 
of the beautiful and there exists the desire to encourage art—but 
only to the degree that it will not interfere with the chief object, 
namely—the serving of a particular purpose. Such an aim would 
hardly seem conducive to the greatest art and yet, through the ef- 
forts of men equal to the task, buildings of architectural excellence, 
though meeting the day’s requirements are not uncommon. 

Now let us refer to specific examples calling attention as far 
as possible to distinguishing characteristics. As already stated, 
the first reimforced-concrete buildings in this country were those 
constructed for industrial purposes, as a rule a skeleton frame of 
exposed concrete with voids between columns filled with glass, 
often extending from floor to ceiling without even panel walls. 
There is little of architecture in such a structure. A slight at- 
tempt at design was introduced by providing the building with 
some sort of cornice. As before mentioned, other materials were 
imitated at first, with unfortunate results. ‘Then followed franker 
acknowledgment of the material, with no attempt at making con- 
crete look like stone.. This was an improvement. With the feel: 
ing that exposed concrete was unattractive, uninteresting in color 
and texture, the use of brick and other colorful materials in con- 
junction with concrete was introduced. Then with the considera- 
tion of the building in mass and to relieve the monotony of uni- 
formly spaced columns came the corner pylons to form a proper 
abutment, occasionally in long fronts, also intermediate pylons to 
vary the design. Concrete panel walls gave way to such built in 
brick, often entire portions of the frame were veneered in brick, 
using the exposed concrete as trimming. There is nothing wrong 
in such a combination, even though it be camouflage, aesthetic 
laws to the contrary notwithstanding. Laws in architecture are 
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-much like the eighteenth amendment. They exist often only to 
be broken, with this one difference, however. Architectural laws 
can be changed—the amendment, I fear not. All depends on how 
combinations are used, the expedient considered impossible by the 
mediocre, is often, in the hands of the expert, the very element of 
outstanding results. 

On the other hand, much excellent work has been done en- 
tirely in concrete. Take Mr. Gilbert’s Brooklyn Army Supply 
Base Building. Nothing could be finer in mass, more straight- 
forward or more direct. It is almost bald in its simplicity, cer- 
tainly ornamentation plays no part in the design and yet by a mas- 
terly vertical sub-division of pylons, piers and maullions, all in 
proper relation to each other, all splendidly proportioned not only 
in width and height, but also in relative projection, we have a work 
of the highest architectural merit. Nor has the architect tried to 
conceal the character of the material. Indeed he frankly accepts 
it and makes a virtue of what would seem a blemish. He makes 
no attempt at hiding even the board marks of the forms. Instead 
he procures a certain texture thereby. Throughout there is re- 
vealed a fine appreciation of the material employed and the prob- 
lem in hand. It is truly the work of an artist and incidentally 
proof positive that even the plainest structure may be made at- 
tractive; furthermore, that the architect is a much needed indi- 
vidual in spite of the opposite opinion of many engineers. Com- 
pare Mr. Gilbert’s building with another reinforced-concrete struc- 
ture in Brooklyn, one built for the Navy and designed by its own 
engineers and note the difference. 

Another important group for the Navy is its office building 
in Washington. It is inoffensive but it fails in that its design 
does not express concrete. It might as well be constructed of brick 
or stone. Mr. Gilbert’s is a concrete structure and could be mis- 
taken for nothing else. 

A later example of much interest is the Fletcher Building on 
Varick street in New York, by Helmle & Corbett. Though not as 
characteristic of the material as Mr. Gilbert’s Army Supply Build- 
ing, it is yet an important contribution and shows the potentiali- 
ties of concrete design. There is here an interesting grouping of 
parts, the vertical treatment emphasized, the base and top properly 
held together and the corners reinforced, all producing an excel- 
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lent architectural composition, without sacrifice of practical needs. 
If there be any criticism, it might be that the belt course, finals 
and other details sayor of stone design. But the building is so 
good as to outweigh such minor objections. Incidentally, there 
has been in this building an attempt at surface treatment which 
subject I shall touch upon later. 

The Marlborough-Blenheim in Atlantic City is one of the 
earliest of important reinforced structures in this country, and 
though its enclosing walls are of hollow tile stuccoed, the ex- 
terior design is typically concrete. It was indeed a courageous 
undertaking. Architecturally, this building ranks high. There 
is a playfulness and picturesqueness which are well suited for a 
resort of the kind. Then, too, there is much originality in the 
design without being outré. Price & McLannahan were its 
architects. 

The Hide & Leather Building by Thompson & Binger is a 
skyscraper built of reinforced-concrete. Just what are the prac- 
tical limitations as to height of reimforced-concrete buildings is a 
matter of opinion. The sizes required for columns are usually 
the determining factor. Our own experience would indicate that 
for buildings of ten, even twelve, floors, to carry ordinary live 
loads, concrete columns need be no larger than of structural steel 
fireproofed. Beyond that height we prefer to use the latter, 
though often enough we use structural steel for lower floors with 
conerete for the upper with results not only structurally practical, 
but economical as well. The Hide & Leather building is a sincere 
effort at producing an attractive building in reinforced-concrete. 
It would have been more successful in my opinion were its detail 
of better character and had some of the applied ornamentation 
been omitted. Its straightforward treatment of piers, its base and 
topping out are to be commended. 

Considerable excellent concrete work has been done around 
Cincinnati and Dayton. The Beaver Power Company building in 
Dayton is an example. Entirely done in concrete, it is of inter- 
est in its simple variation of pier sizes, cornice and surface treat: 
ment. It is a very satisfactory structure architecturally, and so is 
the building for the American Tool Works Company in Cincinnati, 
by Stegner & Hughes, handled in a manner not unlike the Beaver 


Building. 
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Reinforced-concrete is at its best when used for low buildings 
as in Southern and Western places. The Presbyterian Hospital at 
San Juan indicates how beautifully the material lends itself to 
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such structures. This is concrete design at its best. Simple pier 
and wall surfaces, square and semi-circular openings, no cornice 
and plain belt course. Of similar character, though a high build- 
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ing, is the new University Club in Los Angeles by Allison & Alli- 
son. This, I believe, one of the best buildings we have in con- 
crete. Its design is excellent in every detail and particularly note- 
worthy is the surface treatment which apparently exposes form 
marks without hesitancy. This building indicates the possibilities 
of reinforced-conerete for exterior use in civic architecture, an un- 
limited field in which it has been but little employed up to now. 

An excellent example of good concrete design is the Harrison 
Garage, San Francisco, by McDonald & Applegarth. Apparently 
the surface is stuccoed, but there is beauty in its simplicity and 
well proportioned mass, which would not have been marred by the 
omission of the stucco. 

The Bureau of Printing and Engraving at Washington is a 
monumental structure with its main facades of stone. It is ques- 
tionable, however, whether they are better architecture than the 
inner courts which are of exposed reinforced-concrete. Certainly 
the latter serve the building better in a practical way. They are 
of exemplary design. 

A building recently completed in Brooklyn for Kahn & Feld- 
man by Buchman & Kahn has splendid character. It is the In- 
dustrial Building glorified. 

As to residence work, it has been the general impression that 
houses built of reinforced-concrete are more costly than such of 
brick or tile. Many results, however, especially the work of 
Hueber Bros. of Syracuse, which is particularly notable, would 
prove the contrary. Furthermore, a number of systems of precast 
sections are coming into vogue which should make reinforced- 
concrete used in that manner very desirable. 

Quite remarkable results have been achieved by Englishmen 
and a few examples thereof are exhibited in the booth. 

Two very excellent English examples are the facades of the 
Tilling Stevens Motor Company at Maidstone and the Napier 
Motor Company at Acton. It is to be regretted that the surface 
is lined off to represent stones, the more so since the designs other- 
wise are so appropriate for concrete. The ornaments were precast 
and set into the forms before pouring of the concrete. 

Since my own office has done a great deal of industrial work 
in reinforced-concrete, to which we have tried to give an archi- 
tectural note, I trust that my referring to it will not be taken 
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amiss. he automobile industry which to our good fortune estab- 
lished itself in Detroit some 20 years ago required large areas of 
manufacturing space with a maximum amount of light, rigid floors 
to carry fast moving machinery and buildings necessarily fireproof. 
Here was an excellent opportunity for reinforced-concrete. The 
Packard Motor Car Company was among the first to adopt the 
construction. Their main building faces our principal boulevard. 
In this an attempt at beautifying the exterior was made by con- 
cealing some of the horizontal structural members and framing 
the openings with brick work. The structure was only two stories 
high originally and two stories have since been added, which neces- 
sarily did harm to the design. 

Our first problem which, because of its imposing dimensions, 
afforded a real opportunity, was the first unit of the Ford Motor 
Plant at Highland Park. he building is some 800 ft. long and 
4 stories high. Here we used brick work as trimming, facing the 
piers of the entire lower floor therewith, also the corner and inter- 
mediate pylons. Between the latter we have above the lower floor 
the regular system of columns and lintels with a simple concrete 
cornice crowning the structure. In this building were used prob- 
ably the first steel sash, now so generally employed, at least sash of 
standard factory type. ‘They were shipped direct from England. 
We have felt and my colleagues have been kind enough to concur 
in this, that this building marked a step in advance in factory 
building, in that it attempted to make the building an architectural 
composition without sacrifice of practical essentials. Among other 
commissions entrusted to us are the plants of Hudson Motor Car 
Company, also those of the Continental and the Lozier Companies. 
Tn all of these buildings we have adhered to a combination of ex- 
posed concrete, some of it structural, with brick and cement colored 
tile inserts, with results that have won favorable comment. In the 
Hudson group, the Administration Building originally smaller 
than now, was executed entirely in white cement, the idea being 
to have its white mass emphasized by the darker brick trimmed 
factory building back of it. 

In the Continental Motor Plant we indulged in more detail ; 
to excess, we feel now, and were we to do it again we would omit 
much of it. ; 
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Our most recent structure of importance is the new Body. 
Plant for the Studebaker Corporation in South Bend. Here we 
had a rare opportunity, the building being six stories high and 
over 1000 ft. long. We have in this increased the more usual 
brick pylons to brick pavilions with exposed concrete mullions. 

In most of our work we have treated exterior concrete with 
Carborundum and given it several coats of cement paint, which in 


BOPY PLANT, STUDEBAKER CORPORATION OF AMERICA, SOUTH BEND, INDIANA. 
Albert Kahn, Architect. 


contrast to the brickwork proves effective. This matter of surface 
treatment is still a problem. How will it be solved? Left in its 
natural state untouched from the forms, cement washed, or rubbed 
with Carborundum, concrete at best is cold in color and uninter- 
esting in texture. Stucco or other surface applications have proved 
on the whole a failure in most parts of the country, for they do not 
adhere because of difference in expansion and contraction and de- 
velop unsightly cracks. Attempts have been many to treat the sur- 
face by tooling or exposing the aggregate, but few have proved suc- 
cessful and none economical in cost. A ray of hope is afforded by 
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the remarkable work of Mr. Earley. His first efforts in connection 
with Meridian Park at Washington, D. C., gave promise, his latest, 
however, are a distinct achievement. By the use of aggregates 
carefully selected as to color and size and these exposed through 
wire brushing and washing with acid, he produces a surface and 
texture of surpassing beauty. Withal, it is no imitation of any- 
thing but true concrete, remarkable in its effectiveness. This is 
working along the right lines, and though Mr. Earley claims that 
a surface application by his process will positively adhere, designers 
will, no doubt, agree that such treatment at best is less desirable 
than a monolithic mass by itself, made attractive. Mr. Earley has 
done remarkable work and deserves the acclaim of all interested in 
the subject. We sincerely hope that he will continue his splendid 
efforts in advancing the art. 

Now what of the future for reinforced-concrete? I am con- 
vinced that we have only made a fair start and that its development 
both structural and artistic will exceed any present expectations. 
Furthermore, I believe that concrete in its most direct form will 
grow in use for exterior facings. Gradually we shall accustom our- 
selves to form marks, we shall not only accept them, but take ad- 
vantage thereof, we shall eliminate cement washing and rubbing 
even pointing and gain an artistic effect through the play of light 
and shade and emphasis of the monolithic structure which it really 
is. Furthermore we shall accustom ourselves to weather stains 
and make a virtue thereof, just as the grime of London only adds 
interest to its architecture. We shall pay more attention to design 
in mass, to interesting outlines and less to minor details. ‘The way 
has been shown in a number of existing works. Others will carry 
on and continue to develop the new material, further proving that 
reinforced-concrete is the most notable contribution to the art of 
building since the structural steel frame came into existence. 

I have not dwelt on the improvements possible in formwork or 
the many details of engineering. Nor have I mentioned all that 
is being done in precast concrete. These subjects are beyond the 
scope of this paper. 

In closing, I can only express the hope that the good work of 
this society in diffusing knowledge and promoting the interchange 
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of ideas, may continue. There is much left for the Institute to 
accomplish. Concrete is by no means given its due today and 
much is possible with it that has not been undertaken. With gen- 
eral developments, improvements in cements, with better methods 
of constructing formwork, more liberal building codes permitting 
more economical though adequately safe design and construction— 
with a better appreciation of the inherent qualities of the material, 
greater and more general interest on the part of Architects the 
future of reinforced-concrete promises much indeed. May the In- 
stitute’s good work continue and bear fruit in ever-increasing 
measure. 
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CuAIRMAN Humpurey.—About the time this Institule was 
having its initial meetings which were described at this morning’s © 
session, it was my pleasure to meet in St. Lowis a man who has 
been a very close adviser in all the various trials and tribulations 
which the speaker-encountered as President during that time. 

The speaker has had the opportunity of following this man’s 
own work and has viewed with admiration his progress as an 
expert, so it is with peculiar pleasure, particularly in view of the 
fact that he is the President-elect and will occupy this platform 
tomorrow morning, that the speaker presents Mr. A. BE. Livdau, 
who will address you on 
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‘Concrete Bridges” 


{EINFORCED-CONCRETE. BRIDGES. 


By A. E. Linpau 
PRESIDENT, AMERICAN CONCRETE INSTITUTE. 

HE new world opened to the architect and builder of buildings 

by the development of concrete and reinforced-concrete was 
likewise opened to the engineer and the builder of bridges. The 
vision of the bridge engineer as well as the architect was stirred by 
the vast possibilities of a building material which is commonplace 
today but was practically unknown a generation ago. For thou- 
sands of years we have built bridges of stone, brick, timber, and in 
the last century also of iron and steel. In the short span of a 
single generation, however, a new material has been developed and 
its use has been extended throughout the civilized world. 

Bridge building is an ancient art. The Chinese are credited 
with building masonry arches 2000 years B.C. In fact, records 
seem to indicate that the Chinese used both slab and arch construc- 
tion in their bridge building, and are entitled to rank with the 
ancient Assyrians as bridge builders. 

In Persia over the River Diz we can see today an arch bridge 
of a series of 20-foot spans, 1200 to 1300 ft. long, still in a fair 
state of preservation and said to date about 350 B.C. The ancient 
Greeks built a bridge at Assos of stone slabs doweled together and 
supported by diamond shaped piers spaced about 10 ft. apart; the 
stone slabs were 20 in, thick and 24 in. wide. This structure is a 
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prototype of our present-day concrete slab bridges, especially of the 
“pre-cast” type. 

To the old Romans, however, belongs the glory of having car- 
ried the art of bridge building td a greater degree of perfection 
than any of the older civilizations. In fact we owe to them not 
only examples of marvelous masonry construction and the develop- 
ment of the arch bridge to a degree scarcely excelled today, but 
also the discovery of the use of cement and the making of concrete. 
There are in fact grounds for suspicion that they realized the ad- 
vantage of reinforcing their concrete structures. In the foundation 
of one of their temples bronze rods were found imbedded in the 
concrete, leading us to believe that in a rudimentary manner, at 
least, the Romans anticipated our modern reinforced-conerete con- 
struction by about 2000 years. 

To complete our picture of the state of the art of bridge 
building handed down to us by these master-builders, let us stop 
for a moment and note the magnitude of some of their largest 
undertakings. 

The bridges Marcia built in 145 B.C., 61 miles long with 12 
miles of arch construction ; Claudia, 50 A. D., 46 miles total length 
and 10 miles of this in arch construction; Anio Novis, 52 A. D., 
58 miles total and 9 miles of arches; Alexandrina, 226 A. D., 15 
miles total length, 7 miles of arches. In all, according to a sum- 
mary by Professor M. A. Howe, a total of 63 miles of arch con- 
struction was built between 312 B.C. and 226 A. D.—a truly aston- 
ishing achievement and a testimonial of the degree of skill attained 
by these old engineers. It is not alone their skill in construction 
that challenges our admiration, but their ability to combine archi- 
tectural beauty with their engineering proficiency that marks their 
work as extraordinary. 

In the barest outline the foregoing represents our heritage 
from our early ancestors. The art of masonry construction as ap- 
plied to bridges can almost be said to have reached its high water 
mark at the hands of the Romans, and for 1700 years no ap- 
preciable advance was made. As the light of civilization flickered 
and was almost extinguished during the Dark Ages, we can barely 
trace the story of concrete. Here and there an occasional example 
may be found, as in the case of a foot bridge at Amalfi on the 
Gulf of Salerno built by the Moors in the sixth century. 
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However, we can pick up the thread of the story again a cen- 
tury, ago in the construction of a large concrete bridge over the 
Derdogne at Souillac, France, built in 1816, in which Roman or 
Pouzzolan cement was used. But the examples are few and far 
between until we reach the period in which Portland cement was 
discovered and manufactured. 

This was an epoch making discovery in the field of bridge 
engineering as well as in architecture.. 

The next great step in the development of the art was the 
invention of reinforced-concrete. Whether a rediscovery of methods 
known to the Romans or not, the incorporation of steel bars or 
fabric in concrete opened a new era to the bridge engineer. Up to 
this time he was bound by the traditions and limitations of ma- 
sonry construction. It is true that plain concrete offered enormous 
advantages in many directions over the older art of the stone 
mason ; yet it was, after all, artificial stone and subject to the same 
limitations in design. The combination of the two materials, steel 
and concrete, produced a new material, marking a radical departure 
from old forms and methods. No longer was the designer bound 
by the conventional methods of arch construction. The strength 
imparted to the concrete by the reinforcement so materially de- 
creased the weight of the structure itself as to make it possible to 
erect arch bridges of astonishing length of span and beauty of 
form. Not only that, but girder bridges and even trusses are added 
to list types available to the designer. 

The credit of first designing a reinforced-concrete bridge may 
always remain a matter of controversy. Thaddeus Hyatt, an 
American, and Francois Coignet, in France, were early workers 
and experimenters in the field of reinforeed-conecrete and both un- 
derstood the value of reinforcement. Joseph Monier, however, in 
a supplementary patent dated August, 1873, made specific claims 
for the use of his system of construction to building of arch bridges, 
and illustrates by diagram in his patent applications his ideas of 
reinforcing such structures. Monier’s ideas seem a little crude and 
immature to us now, but they embrace the broad principles on which 
we have reared the art as we know it today. The original Monier 
system employed wire netting near the intrados (or lower face) of 
the arch only, but was later modified so as to use two systems of 
nettings—one near each face or surface of the arch ring. Many 
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Monier arches were built in Europe, one of the earliest of which 
we have a record being a foot bridge of 53 ft. span and 13 ft. width 
built in 1875. 

Progress in the new method of construction, while a little halt- 
ing to begin with, soon gained momentum, and we find that 
European engineers quickly gained confidence in reinforced- 
concrete and reveled in the freedom gained by it. So we find an 
arch bridge built in Switzerland in 1891 having three spans of 
128 ft. in which the crown thickness is 614 inches. Again a bridge 
built in Germany in 1890 with a 132 ft. span and a crown thick- 
ness of 9.88 inches. As Mr. Thacher remarks in his paper before 
the International Engineering Congress in St. Louis in 1904 (just 
20 years ago), “Such delicate dimensions would not be seriously 
entertained in the United States.” While this remark clearly 
brings out the difference in European and American practice of 
twenty years ago the gap has been closed in recent years, and we 
can now show a multitude of examples as daring in design and 
“delicate in dimensions” as those found abroad. 

Under the favorable conditions of economic advantages and 
freedom of design, reinforced-concrete arch design developed in 
various ways away from traditional forms of masonry construction. 
The first examples in Europe as well as in this country belong to 
the old Roman or Medieval type; with arch ring the full width 
of the bridge, parapet walls rising from the arch ring to the level 
of the roadway and back fill of earth to form the foundation of the 
road-bed. For moderate spans this type is still in common use and 
has some advantages, viz., the back fill absorbs the shock of moving 
loads and tends to distribute these loads to a fairly uniform in- 
tensity over the surface of the arch, the back fill also costs less than 
a concrete floor system above the arch ring. In long spans, how- 
ever, the weight of the back fill imposes so heavy a burden of dead 
load that it becomes desirable to carry the roadway on super- 
structures of some kind. This led to the open spandrel type. 

Open Spandrel Arches.—In this type the spandrel walls are 
omitted and the roadway is carried by a floor construction, which 
may be either of the beam and slab type or a series of small or 
supplementary arches. Here we find the designer taking advan- 
tage of some of the possibilities of reinforced-concrete, reducing the 
quantities of material and thereby the cost, and at the same time 
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producing a structure more pleasing to the eye. Although the 
structure in general appearance may resemble somewhat the older 
arch bridges of the double deck type, yet in detail it is a serious 
departure from previous forms. One of the earliest examples of 
this advance in design is represented by the three-span arch bridge 
over the Ybbs near Weidhofen built by G. A. Wayss & Co. in 1898, 
having a main span of 147 ft. and a crown thickness of 151% in. 
Quite an airy looking structure, it must be admitted, and a remark- 
able one considering the date of construction. 


MONROE STREET BRIDGE, SPOKANE, WASHINGTON, 


Designer, J. C. Ralston. Architect, Collaborating, K. K. Cutter. Span 281 
ft., etc. 300 ft. Rise 113.7 ft. Crown thickness 6.75 ft. Twin ribs: Deck to 
water surface 140 ft. 


An interesting modification is illustrated by the highway 
bridge over the Colorado River at Austin, Texas. Here we find the 
open spandrel type bridge with cantilevered sidewalks which. yield 
a further economy by reducing the length of the supporting piers. 
This is a distinct departure from the masonry and even plain con- 
crete types. In neither of these older designs is it practicable to 
reduce the pier length by projecting the superstructure materially 
beyond the faces of the piers. . 

Ribbed Arches.—The genius of Hennebique in discovering the 
possibilities of reinforced-concrete is indicated by his designs of 
ribbed arches. For short spans the roadway slab is built in- 
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tegrally with the ribs, making the structure, in effect, a curved 
T-beam construction. In longer spans, however, dead-load of the 
structure can be saved by separating the roadway slab from the 
ribs by means of supporting columns. One of the most notable 
examples of reinforced-concrete bridges built in the early days is 
of this type. The bridge is located at Chatellerault, France, and 
built in 1899. At the time of its construction it was the longest 
reinforced-concrete arch span ever attempted, the middle span 
being 164 ft. and the two side spans each 131 ft., each span having 


ARROYO-SECO VIADUCT, PASADENA, CALIFORNIA, 


A reinforced-conerete arch viaduct 1468 ft. long and 40 ft. wide and 150 ft. 
high for highway traffic. Built for the city of Pasadena and the County of Los 
Angeles. Completed 1913. Cost $200,000. One 28 ft. roadway, two 5 ft. walks. 
Bitulithic pavement. One arch 223 ft., two 152 ft., six 113 ft., and small end 
spans. By Harrington Howard & Ash, Engrs. 


an arch ring stiffened with four parallel ribs. The roadway of 
reinforced-conecrete beam and slab construction is supported by 
columns which transmit this load to arch ring directly over the 
ribs. Here we still have the traditional arch ring, but the ma- 
terial in the ring has been distributed so as to stiffen or strengthen 
it along the lines of the apphed load. The Chatellerault bridge 
‘stands out as a land mark in reinforced-concrete bridge design. 
The dimensions of all its members were refined to such an extent 
that we may say that we have a concrete structure that in appear- 
ance approaches a steel structure. 

Tsolated Ribbed Arches.—The Chattellerault type has been 
modified by omitting the arch ring between the ribs. In other 
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words, if it is of advantage to take a part of the material in the 
arch ring and make ribs of it, why not concentrate all of the arch 
ring material in the ribs? Under certain conditions of span and 
loading this advantage obtains, and as a result of this modification 
we have arrived at the “last word” in reinforced-conerete arch de- 
sign. While examples of this most modern type may be found as 
early as 1906, it is only in the last few years that the design has 


FIRST CONCRETE BRIDGE BUILT IN UNITED STATES, 1877. 


Located in Prospect Park, Brooklyn. This photo taken two months ago. 


become quite generally adopted, especially for long span monu- 
mental structures. In fact, we have in the United States today 
a number of notable bridges of this type; as, for example, the 
Arroyo Seco near Los Angeles; The Washington Memorial, built 
by Newcastle County, Delaware, as a memorial to the soldiers and 
sailors of Delaware who had taken part in the wars of the nation; 
the Detroit suspension viaduct in Cleveland; the Francis Scott Key 
over the Potomac; the Gilbert street bridge in Danville, Ill., and 
many others in connection with which data is not available. 
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Melan Arches.—A decided innovation in the matter of com- 
bining concrete and steel was introduced by Professor Joseph 
Melan of Austria-Hungary in 1892. The Melan arch consists of a 
conerete arch in which rolled steel beams or riveted lattice arch- 
ribs are imbedded. For short spans and rolled I-beams are em- 
ployed and for the longer spans the latticed ribs. 

The first Melan arch bridge built in the United States was 
erected at Rock Rapids, Iowa, in 1894. Following this, in 1897, 
the Kansas River bridge at Topeka of five spans with a total length 
of 693 ft. In rapid succession these structures were followed by 
others, so that by 1904—in a period of ten years—about 300 spans 
were constructed throughout the United States under the Melan, 
‘Yhacher, and Von Emperger patents. 

Hinged Arches——One of the most startling innovations in 
reinforced-concrete design is the introduction of hinges for arch 
bridges. Dr. Von Emperger in a paper before the American Society 
of Civil Engineers in 1894 describes an arch bridge at Wurtem- 
berg over the Danube having a span of 164 ft. and a rise 1/10 of 
the span provided with three cast iron hinges, one at the crown 
and one each at the abutments. The use of hinges seemed par- 
ticularly applicable to Melan construction and many interesting 
examples of this type of*bridge can be found in Europe. Ameri- 
can engineers, however, have not adopted this device to any great 
extent, although some hinged arches have been built here. 

Railway Bridges.—The railroad engineer approached concrete 
construction with due caution. The art was fairly well established 
before he felt justified in trusting the new material to the severe 
conditions he had to deal with. To the Illinois Central Railway 
apparently belongs the credit of being first in the field, as early as 
1895 they built plain concrete arch culverts. We are also indebted 
to the Scotch for pioneer work. The West Highland Railway in 
1898 built a number of plain concrete arches varying in span from 
30 to 50 ft. One bridge at Borodale, however, had a span of 127 
ft. A few years later American railway engineers became inter- 
ested, so that by 1903 several railway systems had concrete bridge 
work under way. The D., L. & W. built a twelve-span bridge at 
Newark, and the Illinois Central boldly extended the field of con- 
erete construction by building in 1903 the Bid Muddy arch bridge 
at Carbondale, Ill., three spans of 140 ft. long in the clear. The 
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Big Muddy design, considering time and conditions, was startlingly 
bold, but the traditional influence of masonry construction is in 
evidence in building the arch ring in sections or vaussoirs, In every 
respect like a stone arch, and making no attempt to use reinforce- 
ment. Similar in character but of somewhat lighter proportions 
is the Big Four bridge at Danville, Il. 

In total length of structure the Long Key viaduct of the. 
Florida East Coast Railroad surpasses all modern bridges, and in 
this respect completes successfully with the old Roman viaducts. 
The bridge consists of a series of 50 ft. semi-circular arch spans 
having aggregate length of six miles. Of the notably long bridges 
may be mentioned also the Galveston Causeway. This. structure 
provides for a double-track railroad ne, double-track electric line, 
and a 19-ft. highway. It consists of a series of 70 ft. arches and 
has a total length of 2455 ft. 

Girder and Slab Bridges.—The use of various forms of arch 
designs for bridges is after all largely a modification of earlier 
forms and consequently did not call for either the technical skill or 
the courage in breaking “new ground” demanded by slab and girder 
design. This venture awaited the development of the mechanics 
of reinforced-concrete beam action and the verification of the theory 
by tests. Hennebique reports that in 1893 he built his first girde1 
bridge at Don, Department Du Nord, Paris. Apparently this phase 
of the art developed rapidly, for we find a Hennebique girder bridge 
at Yverdon with a span of 42 ft. built in 1896, at Lausanne in 1896 
a span of 49 ft. and in 1903 a span of 66 ft. One of the boldest 
of this type is a girder bridge built at Milan in 1895 on the Walser 
Girard System, having a middle span of 84 ft. As an achievement 
in length of span it is surpassed by few structures today.* Exact 
data on the introduction of this type of bridge in the United States 
is not available, although examples of flat topped culverts for rail- 
road work as early as 1899 can be found. 

As knowledge and confidence in reinforced-concrete grew, bar 
reinforcement was substituted for I-beams, so that by 1904 high- 
way bridges as well as railroad culverts of reinforced concrete slab 
and beam design were quite extensively used for moderate spans. 


“It may be of interest to note that recently a reinforced-concrete girder 
bridge was built in Humboldt Co., Calif., having a span of 142 ft. 
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In fact by 1907 many railroads in the Middle West had adopted 
reinforced-concrete as standard construction for culverts and mod- 
erate slab spans. Of special interest is the track elevation work 
in Chicago by the Illinois Central and the C. M. & St. P. Ry., in 
which the road-bed is carried over street crossings on pre-cast con- 
crete slabs. 

The invention of the flat-slab or girderless floor for buildings 
has also heen extended to bridges. A bridge in Colorado having a 
38 ft. span is a notable example in the highway field, and in the 
railroad field we find the D. L. & W. has built a number of them 
where head room was at a premium. 

Truss Construction.—Realizing that in long span girders the 
dead-load of the girder itself will establish the economic limit of 
span, open web or truss designs have been attempted and in many 
cases successfully executed. Particularly is this true of what is 
known as the bowstring girder. This is really an inverted arch in 
which the floor system is suspended by bangers from the inverted 
arch, and the thrust of the arch taken up by the bottom chord. 
The elimination of the thrust may at times make a very great say- 
ing in cost of supporting piers, as well as maintain the integrity 
of the structure in case of settlement of the foundations. 

Summary.—The ground so far covered by no means exhausts 
the variety of forms developed up to present time, but enough has 
been given to indicate the wide range of designs available to the 
engineer, the wonderful flexibility of the material and the intense 
development that has taken place. Unfortunately data are not 
available to show by figures the increase in volume of concrete and 
reinforced-concrete bridge construction from time to time, but a 
hasty glance at the landmarks in the history of the art may serve 
to give us, in outline, a picture of the industry that has been built 
up. Keeping in mind that concrete was used by the Romans in 
their bridge work, that for seventeen centuries no advance was 
made, and that during this period only an occasional structure 
serves to connect the present with the past, we reach the early 
nineteenth century without any marked increase in activity. Then 
a few examples in the next fifty years following the invention of 
portland cement. By 1875 reinforced-concrete had been invented 
and the volume of construction experienced another sudden forward 
movement. At this time concrete had been introduced in the 
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United States by the building of a plain concrete arch in Prospect 
Park in Brooklyn in 1871. By 1889 the first reinforced-concrete 
bridge was built in the United States at Golden Gate Park, San 
Francisco. We can now measure our progress in years instead of 
centuries and a widening application of the art throughout the 
world. By 1898 it is estimated that 300 concrete bridges had been 
built in Europe, in the ten-year period from 1894 to 1904 in the 
United States about 100. During this same ten-year period Hen- 
nebique and his agents built over 400 bridges, and it is probable 


WASHINGTON MEMORIAL BRIDGE, DELAWARE, 


B. H. Davis, Engineer. 


that at least that many more were built by all the other engineers 
and concrete specialists devoting themselves to this class of con- 
struction. 

At the time of the founding of the American Concrete Insti- 
tute twenty years ago, the industry was fairly well established in 
Europe and had gained firm footholds in this country. A number 
of types had been developed. Designers had boldly explored the 
unknown possibilities of concrete and reinforced-concrete. In the 
enthusiasm of youth they marched on where “angels feared to 
tread.” Practice was years ahead of theory. In general, experi- 
ence and designing instinct rather than sound scientific training 
guided the builder. In spite of the apparently large number of 
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successful examples that could be pointed to, the layman, and 
indeed the average engineer, was uninformed and hence skeptical of 
the “new-fangled notion.” But the pioneer period was drawing 
to a close. A new period began in which a sound theory of design 
was developed and supported by a vast amount of research and ex- 
perimental data. Economic advantage broke down the resistance 
on the part of the public to new methods and skepticism was forced 
to give way before an ever-increasing volume of facts. 

While it may appear that the art was fairly well developed 
prior to 1904, this is due to the fact that we have attempted to 
review the development in all the years before that time. Every 
great industry is a process of growth, generally slow at first and 
subject to wide variation in rate of development. New ideas and 
methods take time to “sink in” and be accepted, especially by the 
public at large. Therefore, twenty years ago, despite the fact that 
scattered over the world one might find hundreds of concrete and 
reinforced-concrete bridges that most of the types that we know 
today had been tried out in a tentative way, nevertheless this was 
known only to a few who specialized in this work. As a matter 
of fact, the construction of a concrete bridge twenty years ago, even 
of moderate dimensions, was generally considered an achievement. 
The project was regarded as an innovation and grave fears and 
doubts had to be swept away before a favorable decision was 
reached. After the job was finished and the false work removed, 
those responsible for the design and erection would heave a sigh 
of relief and appear to be pleased that the expected had happened— 
the bridge was still there—and that their own doubts were ground- 
less. Each new structure was a new experience and served as data 
for the design and building of the next one. 

Indeed, experience was the guide rather than theory in de- 
termining the dimensions of the structure. The theory of the 
elastic arch had been stated by Weyrauch as early as 1879, had 
been developed and restated in various forms by later authors and 
was available in standard textbooks on mechanics. But the subject 
seemed to bristle with mathematical difficulties and the impression 
was common that it was quite as much an achievement to produce 
the design as it was to produce the structure. The bridge engineer 
had inherited the voussoir method of building arches from earlier 
builders reaching back to the Roman period, and the idea that a 
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stone or concrete arch was an elastic structure, subject to changes 
in form due to the applied load as well as expansion and con- 
traction with changes in temperature, was not generally believed 
important. 

In the past twenty years this situation has completely changed. 
The experimental stage has passed. We have in the last decade or 
two been stabilizing and consolidating theory and practice. We 
have learned more about the properties of concrete, its limitations 
as well as its possibilities, in twenty years than in all the time prior 
to that. On every hand we see reinforced-concrete bridges re- 
placing older and less permanent structures. Memorial and monu- 
mental bridges of reinforced-conerete have become commonplace. 
Today reinforced concrete is a standard structural material. 
Methods of design are standardized and the common property of 
well-informed structural engineers, instead of the special, and, in 
some instances, the mysterious knowledge of a few specialists. 
Standard specifications and more or less standard methods of con- 
tructions are the rule rather than the exception. We are in the 
midst of a period of standardization. It is indeed the order of the 
day, and sharply marks the difference between our present situation 
and that of twenty years ago. 

While we are apt to judge the future in the light of the past, 
it seems incredible that the next twenty years will see as intense 
and rapid a development as the last twenty. We shall in all prob- 
ability develop some new types of concrete bridges, erect structures 
more imposing and larger in scale than those of today. We may 
reasonably expect improvement in the materials of construction, 
especially in the strength and reliability of the concrete. We may 
see the actual construction of such structures as the proposed Henry 
Hudson Memorial Arch with its 700 ft. span, more than doubling 
our present record of length of arch span. But beyond the bound- 
aries of our present knowledge hes the land of tomorrow, and what 
we shall find there is a matter of speculation. Let us hope, how- 
ever, that the next twenty years will show as large a measure of the 
achievement as the past twenty. 
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CHAIRMAN HUMPHREY.—The next subject appears on the pro- 
gram with the statement that,— 


“The property which permitted concrete to lift its head 
like a tree also permitted it to sent roots down into the 
earth.” 


Perhaps none has been more successful in developing the art 
of sending the roots down into the earth than the gentleman who 
is to address you next. He is an active member of this Institute 
and has been accustomed to seeing concrete structures grow; as a 
matter of fact, he is @ man of achievement. We are fortunate in 
having Mr. Max M. Upson to speak on 


“Concrele for Foundations and for Water Front Work.” 


CONCRETE FOR FOUNDATIONS AND WATER- 
Front Work. 


By Maxwetit M. Urson 


V1CE-PRESIDENT AND GENERAL MANAGER, RAYMOND CONCRETE PILE Co., 
New York Crry. 


ONCRETE has like attributes for all its uses. The same 

characteristics that permit it to rise in towering super- 
structures enable it to find support and anchorage in penetrating 
deep into the mysteries of the earth. Hach forward step of engi- 
neering seems to run parallel to, or converge toward, collateral de- 
velopments. These are so related that were they not united into 
one broad highway, the road of advancement would be lost. Cheap 
fuel gives cheap steel and cheap cement. ‘These two products, 
especially combined, permit high and heavy structures—much 
heavier than the supporting power of many grounds. A new, per- 
manent and cheap foundation is needed. Behold the advent of the 
concrete pile and the concrete caisson ! 

They, like many of their concrete brothers, are indeed the chil- 
dren of cheap cement. Old Judge Economics passes with unerring 
wisdom on every off-spring of the human brain. He condemns 
with heartless cruelty all those who cannot pay their way, and gives 
unbridled rein to those who meet our economic needs. 
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And it is here pertinent to observe that the long period of 
adversity through which the cement industry passed was not an 
altogether unmitigated hardship. It has bred a lusty and large 
family of children who are now industriously supporting their fer- 
tile parent. The concrete pile and concrete caisson are two of 
these children and they promise to grow as fast and as favorably 
as the wisdom and fairness of progenitor will permit. 

The concrete caisson, like the concrete pile, comes from the 
substitution of concrete for wood in a long-known engineering 
principle. The theory of the diving bell formed the basis of the 
development of the first air caisson. As early as 1820 Lord Coch- 
rane devised and patented a system of air caisson contruction which 
brought into play most of the factors now generally used. His 
development grew out of the problems confronting the engineers 
in the building of the Thames tunnel. Later in 1839, a French- 
man by the name of Triger encountered quicksand in the sinking 
of a coal mine shaft in Belgium. The water and sand baffled all 
attempts to carry on the construction. As a result, work was 
halted and experiments were carried on in conjunction with an- 
other engineer in Paris to determine whether it was possible for a 
man to work under air pressure. 

Triger and his co-worker subjected themselves to 20 lb. of air 
in a receptacle which exploded during the test. However, sufficient 
information was obtained so that T'riger was able to design a lock 
and working chamber which resulted in efficiently finishing the 
mine shaft. So far as we know, this was the first air caisson con- 
structed. 

' We are indebted very largely to General William Sooysmith 
for the adoption and perfection of the air method of foundation 
construction in this country. He began his operations with a 
bridge at Savannah, Ga. The development of the war brought Gen- 
eral Sooysmith north to Chicago, where he carried on consulting 
engineering work involving many important air caisson foundation 
constructions. 

Until the beginning of the last decade, most of the caissons 
were built of timber. Cast iron and steel have been used from 
time to time and even at this date the former is almost exclusively 
employed in under-river tunnel construction. 
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It is of moment to us who are now celebrating our twentieth 
anniversary to know that it was not until 1906 that the first all- 
reinforced-concrete caisson foundations were installed. These con- 
stituted the support of the new municipal building of the City of 
New York. The methods, design and apparatus were developed 
by The Foundation Company under the patents and supervision of 
Daniel EK. Moran and J. W. Doty. The suitability of this mystic 
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combination of cement and aggregate to this particular phase of 
foundation construction is now so manifest that we, from our pres- 
ent engineering viewpoint, can little understand why it was so slow 
of adoption. ; 

_ And, parallel with this comes the slowly but surely moving 
sentiment of engineers toward the reinforced-concrete crib as 
against the old wooden crib. The shaking off of old prejudices and 
the opening up of the light of progress represented by economy 
and better constructions, is rapidly driving the foundation engi- 
neer to an almost complete substitution of the crib made of con: 
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crete for the crib constructed of timber. This is admirably illus- 
trated in the foundations of the bridge which is soon to unite the 
cities of Philadelphia and Camden. Here single cribs are being 
sunk having cross-sections 140 x 40 ft. and extending down 110 ft. 
below ground level. ‘These cribs have twelve excavating openings 
and as their edges penetrate through the hardpan near their ulti- 
mate foundation seat, they form a complete cofferdam, cutting off 
all incoming water and making dry. excavations and the placing of 
dry concrete possible. — 

So, too, has come the acceptance of the concrete linings for 
shafts, tunnels, and all types of excavation which require perma- 
nence, rigidity and strength. 

The concrete pile came into bemg before the relationship of 
concrete and steel was thoroughly appreciated by the engineer. In 
1897, Alfred A. Raymond, a bridge ,builder working on the rail- 
roads in Nebraska, patented what is known as the “Raymond” 
system of piling. He aimed to produce a pile with a length of life 
equivalent to that of the superstructures which he was building 
for the railroads in that Middle West country. ‘This method proved 
simple and effective. It consisted of driving a collapsible mandrel, 
encased in a sheet steel shell, collapsing and withdrawing the 
mandrel after proper penetration is attained, and filling the steel- 
lined hole with the concrete. So far as the speaker has knowledge 
on this subject, Mr. Raymond was the first man to develop and 
produce a practical and economical method of placing concrete 
piling. He is undoubtedly the father of the well-known system of 
cast-in-place concrete piling. 

In 1903 Richard J. Beale developed another method of driving 
cast-in-place piles which consists essentially of driving a steel pipe, 
_either plugged with a follower or with a cap, filling the pipe with 
concrete and withdrawing the pipe. ‘This is the essential principle 
involved in the placing of the well-known Simplex and MacArthur 
piles. 

From this beginning came two classes of piling—the “Cast- 
in-Place,” as represented by the Raymond, Simplex & MacArthur, 
and the “Precast” or “Reinforced-Concrete” pile, which is based 
on the magic relationship between steel and concrete. On these 
two branches hang all the fruit of the industry, and rare and inter- 
esting have some of the specimens been.” 
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Before the advent of this new foundation element, engineers 
having to do with piling thought in terms having distinct limita- 
tions; the top of the piles must be carried down to an elevation 
assuring permanent saturation; the loading of each pile must be 
limited because of the size of the natural growth of timber. The 
concrete pile, in removing these limitations, has opened up new 
avenues of real economic significance. Before its advent, the ca- 
pacity and size of certain structures were, of necessity, limited, be- 
cause there was not sufficient space to accommodate the necessary 
number of supporting wood piles. Certain ground was considered 
valueless for the reason that there was no known method of pro- 
viding an economical foundation. The soil was too soft for spread 
footings, the permanent water level was not available to protect 
wood piling, and hard sub-soil lay at too great a depth to use cais- 
sons. It is natural that the concrete pile should step forward to 

meet these economic requirements. 

This concrete unit may be increased in size and in length to 
meet all practical needs. It is independent of water line. It may 
act as an element to carry its load entirely by friction, or it may 
penetrate to a substantial underlying stratum. It may be of any 
cross-section which its designer desires. Its function as a column 
is, therefore, subject to the whim of the engineer. This is well 
evidenced in the support of piers where deep water causes each pile 
to serve as a column. Under such conditions, the cross-section 
dimension of the normal growth of timber frequently limits the 
safe loading of wood piles to from 4 to 5 tons each, while large 
precast piles in the same depth of water may be designed to carry 
as much as 100 tons each. Here opens up a new possibility to 
the harbor engineer since it permits the building of heavy store- 
houses on piers which, before the advent of the concrete pile, of 
necessity must have been placed on the adjacent shore. 

Such a design is admirably illustrated in a pier and warehouse 
recently built at Halifax, N. 8S. Here the water is deep and the 
range of tide is extreme; yet it was possible to place a heavy, rein- 
forced-concrete, 2-story warehouse on the pier, the main floor carry- 
ing a live load of 1000 Ib. and the upper floor 500 Ib. to the square 
foot. The building of the warehouse and pier would have been 
structurally impossible through the use of wooden pile. On the 
wood pile, 10 tons would have been the maximum safe load, while 
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‘on the 24 x 24 in. reinforced-concrete piles, the working load ap- 
proximated 100 tons each. 

It is obvious that such developments have opened up a new 
field to-the terminal and harbor designer. He not only has old and 
recognized structural limitations removed, but is able to accept 
these new principles on the basis of an economic saving. Some- 
times these savings are not so apparent when structure against 
structure is the only basis of comparison, but when all collateral 
costs are considered, the economic advantage looms large. 

The so-called collateral costs have to do with the use of land 
heretofore considered impractical of development because of founda- 
tion expense, the saving in the site area due to the placing of the 
warehouse on the piers, the reduced cost of handling, less main- 
tenance, insurance and depreciation. In addition to all these ad- 
vantages comes a frequently overlooked item of economic signifi- 
cance—the saving of time in construction. This saving sometimes 
brings large dividends to the owner. ‘The analysis of all these 
figures, when properly collected, is frequently the determining 
factor in the design. No structural engineer can afford to disre- 
gard them. He must be a master, not only of the actual costs of 
the work, but also of maintenance, of insurance, of depreciation and 
of the often forgotten construction, time factor. 

Recently the speaker was called before a harbor commission 
to present the advantage in the use of concrete piles in open pier 
construction as against the contemplated creosoted wooden pile. Ii 
was found, on the analysis of the annual costs, including main- 
tenance, depreciation and insurance, that the concrete pile structure 
saved in these three items $45,000 per year over the wood structure. 
The actual difference in cost was only $50,000. In other words, 
the increased initial investment gave a return to the city of almost 


100 per cent annually. And in addition all loss of occupancy and. 


use risk had been removed. It is needless to record here the action 
of the Commission. 

The real significance of the time-saving element is perhaps 
worthy of consideration. Recently, a large manufacturer, about 
to erect a branch factory on ground already partially occupied, dis- 
covered that larger and heavier buildings required special founda- 
tion provisions. ‘The concrete pile met his requirements. 'T'o use 
a cast-in-place pile as against a precast reinforced type meant a 
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saving of 60 days in time. Since the-potential earnings of this 
plant were rated at $100,000 per year, it is obvious that he saved 
approximately $16,000 in the choice of the quicker type of con- 
struction, which, incidentally, was more than the total cost of the 
piles for the foundation. 

And to all the above must be added the saving in dollars and 
cents which comes in every operation where these new foundation 
elements are used. It is not unusual to encounter conditions where 
the total cost of the concrete pile foundation is 50 per cent of the 
cost that would have been involved in the old wooden pile and deep 
footing method. 

So we see some of the fruits borne by these magic concrete 
roots which penetrate the mysteries of the underground. They may 
be named Reduced Initial Cost, Increased Structural Possibilities, 
and Saving in Construction Time. ‘They constitute the essential 
virtues of this construction octopus. 

There is another essential to which we, as engineers, are wont 
to turn our critical eye, and that is sufficiency. Before this as- 
semblage, a brief on the merits of concrete seems hardly necessary 
A material rot-proof, fireproof, unaffected by water or dryness, and 
structurally efficient, ought to be accepted as a substitute for those 
which have many or all of these weaknesses. And it is pleasing 
indeed for me to record that it is. Yet it has taken twenty years 
of persistent, expensive and heartbreaking education on the part of 
the producers to secure for the concrete pile, recognition as a stand- 
ard unit of construction. Some of the responsibility for this con- 
servatism on the part of the engineer in accepting this new child 
into the family lies at the door of the producers. Improper 
methods and careless workmanship have given notable examples of 
difficulties and failures. Yet the percentage of such troubles has 
been so low and the reasons therefore so obvious that the thinking 
engineer has used them not to condemn but to improve the in- 
dustry. ; 

And this brings us to the consideration of a subject of very 
pertinent interest to all members of the American Concrete In- 
stitute, namely, the durability of concrete when subjected to sea 
water. The very notable failures of concrete under such exposure — 
have naturally caused the engineering profession to proceed cau- 
tiously in accepting it in harbor and pier construction. Many 
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notorious examples of such failures have occurred in structures 
dotting our coast line. It has been the speaker’s privilege to 
examine most of these, and in almost every instance where de- 
terioration is found, it is apparent that one or more of the funda- 
mental laws which we now know underlie the producing of a per- 
manent concrete has been broken. Cement, with its compounds, 
when first produced, was heralded as a savior from the wanton de- 
struction of the teredo and limnoria., Little or nothing was known 
by either the engineer or the contractor of scientific mix, imper- 
meability, density, waterproofing, proper reinforcement, proper cur- 
ing and the score of other fundamentals on which the production 
of a permanent concrete is based. Is it to be wondered that there 
are failures? They sailed forth onto an uncharted sea, without 
compass or sextant; yet, strange as it may seem, some of these 
structures bear silent testimony to the possible durability of con- 
crete in such service if properly designed and built. 

This combination of cement aggregate and steel in the con- 
struction of bulkheads and piers has opened up virgin fields of de- 
sign. Never before, in approaching the solution of these problems, 
have we been able to consider monolithic elements which act as a 
unit and convey a multiplicity of stresses in sections of almost 
limitless size. The piling or sheeting to which these slabs and 
beams are connected may be so rigidly joined to the superstructure 
that all elements unite to resist the pressures to which the structure, 
as a whole, is subjected. This principle makes it possible to revise 
the old and established rules of design and break forth into a new 
field. Greater strength and rigidity are secured and economy of 
construction is thereby attained. ‘These principles, scientifically 
applied, have demonstrated in many instances that an all-concrete 
bulkhead or pier can be constructed at an equal or lesser cost than 
the long used creosoted wood structures. 

Here is an opportunity that may well stir the ambitions of the 
engineer who has imagination. Try to count in your mind the 
value of the pier substructures in the harbors of this country. 
The aggregate sum is worthy of attention even in these days when 
billions are discussed lightly ; and yet our insurance companies tell 
us that the risk in fire on these piers amounts to from 2 to 314 
per cent of their value. Our records of maintenance on wooden 
structures show that from 2 to 4 per cent is a low cost. These 
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two items, without taking into account deterioration or replace- 
ment, aggregate a yearly .cost to this country running into many 
millions of dollars. 

As sponsors for this one child of the great concrete industry, 
may not our hearts swell with pride that we may have a part in 
bringing about at least a partial saving of this gigantic waste? 

And to this alone we may not give all our pride. The busi- 
ness of concrete piling today, young as it is, aggregates over 3,000,- 
000 lin. ft. per year, which, converted into wood piling, equals over 
7,000,000 lin. ft. This means that the concrete industry today is 
saving a lineal footage of wooden piles which, if placed end to end, 
would extend approximately from New York to Kansas City. In 
other words, reducing the saving to terms of average timber land, 
we find that more than 4000 acres of virgin timber is saved each 
year by this industry. At this period in our civilization when our 
lumber supply is so rapidly disappearing, it is a satisfying thought 
to know that we producers of concrete are having an ever-increasing 
part in this conservation. 

Perhaps it is not unbecoming or immodest for us on this anni- 
versary day to dream of what the world would have been without 
these foundation elements of concrete. When we contemplate the 
sky line of otir modern city and consider how essential these 
foundation methods are in making possible the construction of our 
mammoth buildings, we bow in humble homage to the accomplish- 
ments and service of this mysterious synthetic stone. It veritably 
supports the framework on which much of our social relationship 
hangs. Without high buildings our present large cities would have 
been impossible. The efficiency of business relationship and manu- 
facturing accomplishments would have been placed on a scale im- 
measurably lower. Even the relationship between the home and 
the place of business would have been altered to a degree beyond 
our present conception. Concrete has had and always will have 
its sociological as well as its economic influence. 
And now for the future of this industry. It lies in two hands. 

First, the producer. No industry grows unless quality is made 
the paramount aim of those who guide its destiny. The profits 
today, this year, or for 5 years, have little significance if the prod- 
uct will not stand the test of time. Emerson has said: “If a man 
write a better book, preach a better sermon or make a better mouse- 
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trap than his neighbor, though he build his house in the woods, the 
world will make a beaten path to his door.” So it is with our in- 
dustry as with all others. 

Not only must the producers bend their energies to scale 
the heights of perfection in the product, but they must have the 
co-operation of the engineers and the manufacturers of cement. 
Without good materials no workman can do his best and the pro- 
ducer of the concrete which goes beneath the ground must, of 
necessity, rely on the manufacturer to give him the proper cement 
with which to work. The constructor should apprise the cement 
manufacturer of the service to which his material is to be put. 
And he, in turn, must know enough of this product to supply that 
which is suitable to the service. Their interests are inviolably 
mutual and any betrayal of faith on the part of either party may 
shatter these wondrous structures which now promise to rise to 
great heights. We stand together, engineers, constructors and 
manufacturers. Where a misstep is made, it is duty and privilege 
to stop in the busy pursuit of a living and lend a hand and advice 
so that we may each feel that we have a part in building up a 
thing that is so worthy of our ambition and pride. 
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CHAIRMAN Humpurey.—In 1905 about the time the Struc- 
tural Materials Laboratories of ihe U. 8. Geological Survey were 
getting under way in St. Lowis the speaker was introduced here, 
in Chicago, to two young men who were students in Lewis Institute 
and who at the time were working on mw thesis on The Effect of 
Steam Curing on Cement Blocks. The progress of one of these 
young men has been characterized by persistent effort to perfect 
what he undertook as a student, and it is with peculiar pride this 
afternoon, because this young man began to receive his first in- 
sight into concrete in the St. Lowis Laboratories which were under 
the direction of your presiding officer, that he presents to you Mr. 
R. F. Havlik who will speak on 


“Concrete Products.” 


CONCRETE PRODUCTS. 
By Ropert F. Havriik 


MooseueEAR?T, ILL, 


HIE limited time given each speaker on this Anniversary Day 

program prohibits going into great detail on any of the sub- 
jects assigned. My comments on concrete products will, there- 
fore, be of a very general nature. I believe the points which would 
prove of greatest interest are statistics of the scope, growth, etc., of 
the concrete products industry. 

Probably the first form of concrete product ever made was the 
concrete building block. Precast concrete blocks were made as far 
back as the middle of the nineteenth century, but did not come into 
common use until the beginning of the present century when many 
ingenious men conceived the idea of making hollow building 
blocks. While some were inventing machines for making hollow 
concrete building blocks, other enterprising men devised ways and 
means of manufacturing other concrete products, such as drain tile, 
sewer pipe, floor tile, and roofing tile. Machines for making such 
products were first placed on the market between the years 1900 
and 1907. The development since the early part of this century 
has consisted of converting hand machinery into automatic machin- 
ery so as to reduce labor cost to a minimum. The principal rea- 
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son why conerete building blocks were not popular prior to this 
century was that the early blocks were all made solid. ‘The inven- 
tion of machinery for making hollow building blocks put the in- 
dustry on a competing basis with other building materials. 

The most common form of hollow building block is the one 
with three cross webs and two air spaces. A one-time popular form 
was one with two rows of staggered air spaces. Other popular 
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forms of blocks are the so-called “two-piece” blocks. Some of these 
are tied together with metal ties, the ties being inserted in the 
blocks while they are manufactured. Others are laid up with con- 
necting metal ties, and still another form of block is the interlock- 
ing “Tl” shaped two-piece block. All these, excepting the staggered 
air space blocks, have been very popular to the present day; the 
staggered air space block is seldom seen now. 

Many and interesting have been the arguments in favor of 
each particular type of blocks. It would be out of place for me to 
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express any preference at this time on such matters. Suffice it to 
say that good high grade walls can be built with each of the many 
types of blocks now on the market, providing the contractors using 
the products, and the manufacturers making them, use every pos- 
sible effort to put out a high grade job. In the first place, good 
concrete blocks cannot be made unless the manufacturer is honest 
enough to put in the requisite amount of cement. In addition to 
this, he must have a sufficient knowledge of the concrete industry 
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that will enable him to use a sufficient amount of water in his con- 
crete. Finally, if he will put the necessary expense into manufac- 
turing the product, he will produce units with beautiful textures 
that will satisfy the most exacting. 

Most building blocks made in the past have been made in rock- 
faced designs, in imitation of pitched stone. This custom retarded 
the industry for many years, and has done more harm to it than 
any other one factor. In recent years, however, there has been a 
decided tendency to make plain blocks with granite facings. Rock- 
faced blocks have been used principally for foundations under 
frame buildings, and will doubtless continue in favor for this pur- 
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pose for a long time to come, but for high grade construction plain 
blocks with granite textures are usually used. Trim stone made of 
the same textures has become very popular, so the granite-faced 
blocks are bound to benefit greatly thereby, as the two can be used 
to excellent advantage in combination. 

Hollow concrete building blocks are usually made in 16 and 
24 in. lengths, and for walls 6, 8, 10 and 12 in. thick. Thicker 


A TYPICAL CONCRETE MASONRY HOUSE. 


walls are produced by using various combinations of these blocks: 
The most common size of building block is the 8x 8x 16 in. block, 
which can usually be found in the foundations of two-story resi- 
dences, and in small cities for the walls of two-story residences, in- 
cluding basement walls. In most localities concrete block walls for 
foundations and inexpensive buildings are cheaper than brick walls, 
as can readily be seen from the chart on display in one of the ex- 
hibits. This, of course, holds true only of the common concrete 
block. High grade granite faced blocks are more expensive than 
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common brick, but will compete with the corresponding good grade 
of face clay brick backed up with common brick. 

A small conception of the tremendous quantity of concrete 
building blocks being used at this time can be had from the fol- 
lowing statistics, for which I am indebted to the Portland Cement 
Association : < 

In the year 1921 the equivalent of one hundred and seventy- 
five million 8x 8x16 in. concrete blocks were made in the con- 


A TYPICAL CONCRETE STAVE SILO BUILT BY THE WATERLOO CONCRETE 
CORP., WATERLOO, IOWA. 


Approximately 200 plants are producing concrete staves with an annual 
output close to 10,000 silos. Concrete staves are also used in the construction 
of corn cribs, grain tanks, and coal pockets. 


crete products plants that have made annual reports to the Associa- 
tion. Considering the fact that a large percentage of manufactur- 
ers failed to send in these reports, it is fair to assume that: the 
actual number of blocks turned out by all the concrete products 
manufacturers greatly exceeded this figure. This number of units 
was increased to three hundred million in 1922, and three hundred 
and fifty million in the year 1923. The 1923 production required 
the enormous quantity of seven million barrels of cement. It is of 
interest to know that most of these blocks were produced in the 
Central and Eastern States. With the coming years, the industry 
is bound to spread throughout the South and West, so that the con- 
sumption will double, or perhaps even treble, in a short time. This 


150 TWENTIETH ANNIVERSARY PAPERS. 


will be brought about more rapidly by constant advertising of high 
grade building blocks made with facings in which the aggregate 
has been exposed by scrubbing or acid treatment or some similar 
methods 
A big field that has been overlooked by most manufacturers is 
that of ashlar veneer in competition with face brick or cut stone. 


SECTION OF CONCRETE PIPE, 96-IN. INTERNAL DIAMETER, USED IN THE 
CONSTRUCTION OF A SEWER IN OKLAHOMA CITY, OKLA, 


Pipe were made by the Independent Concrete Pipe Company of Tulsa, Okla. 


High grade white cement granite veneer building blocks 4 in. thick, 
or less, can be sold at a big profit at one-third to one-half the price 
of cut stone, and the profits to the manufacturer will be many fold 
that made on ordinary concrete building blocks. Architects are 
eager and willing to use such units. I find that this sort of unit 
finds favor with most architects, and if worked in combination with 
concrete granite trim stone it will prove a source of big profit to 
the manufacturers, and at the same time such units will effect a 
big saving to the owners of the buildings in which they are used. 
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There is no doubt but that white face concrete granite build- 
ing units, whether they be in block size or trim stone size, are 
superior to any other type of masonry material, excepting natural 
granite. They are far superior to Bedford stone, in that they do 
not soil readily and can be cleaned with muriatic acid and wate: 
at a slight cost, whereas most natural stone can only be cleansed 
satisfactorily with a sand blast at considerable expense. 

Concrete granite trim stone is extremely popular at this 
time. I can well remember how difficult it was ten or fifteen years 
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ago to even obtain an audience with the average architect in behalf 
of concrete trim stone. ‘Today it is a common practice to ask for 
alternate bids on concrete trim stone in competition with natural 
stone and terra cotta. 

In recent years another building unit, known as the “light 
weight” building tile, has been developed, and this is meeting with 
‘considerable favor. No less than ten million of these units were 
made in the year 1922, and over twenty million were made in the 
year 1923. While this is a small figure as compared with concrete 
building blocks, it must be remembered that these units have only 
been on the market for a few years, whereas the hollow building 
blocks have been on the market for a quarter century. In view of 
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this, it can readily be seen that light-weight concrete building tilz 
are destined to play an important part in the building industry 
of this country. 

Concrete brick have had a varied history. It has been a very 
difficult matter to produce concrete brick at a profit to the manu- 
facturer in competition with common clay brick. In sections of 
the country where clay brick are scarce, concrete brick can be pro- 
duced profitably, but in sections where clay brick are more common 
it is difficult to make concrete brick profitably excepting with high 
grade automatic machinery. In the matter of face brick, however, 
the situation is entirely different; such brick can be sold profitably 
in competition with a moderately priced face clay brick. In some 
districts white cement granite brick are becoming quite popular. 
The reports from such concrete brick plants as made a report for 
the year 1923 to the Portland Cement Association show a pro- 
duction for one year of over one hundred and fifty million brick. 
The cement required for these amounts to three hundred thousand 
barrels. The concrete building tile produced in 1923 consumed 
two hundred thousand barrels. 

Concrete roofing tile have not made as big strides as concrete 
building blocks, tile and brick, but during the past few years there 
has been a decided improvement in the situation. ‘There are over 
fifty high grade producers of concrete roofing tile in this country, 
producing over eighty thousand squares of roofing tile annually. 
valued at about $1,000,000. Most of the concrete roofing tile made 


years ago was not as strong as clay tile, and this retarded the in- ~ 


dustry, but that which is now being produced is a superior quality 
that closely resembles the clay product, both in appearance and 
strength, and sells at about 60 per cent of the price of clay 
products. 

Concrete drain tile, sewer and water pipe are becoming more 
popular from year to year. In fact, the increased popularity of 
these products is almost beyond comprehension. While concrete 
pipe has been generally used in this and foreign countries for over 
eighty years, the greatest progress has been made in this century, 
and most of it probably in the last decade. Concrete drain tile and 
sewer pipe are more uniform in quality than clay products, and, 
on the average, stronger, and usually they are also cheaper, even 
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in the clay districts. Sewer pipe are manufactured in two classes— 
plain and reinforced. The plain pipe is produced in standard sizes 
from 4 to 24 in. and the reinforced pipe in sizes from 24 to 108 in. 
internal diameter. One company alone has sold over five hundred 
miles of reinforeed-concrete pipe for sewer construction. Rein- 
foreed-concrete pipe are also used for culverts in sizes from 12 to 
14 in. Such use has become a standard practice by the principal 
railroads, and nearly all of the State Highway Departments. In 
1923 such pipe was placed on an equal basis with cast iron pipe as 
to permanent strength and economy by a committee of the Ameri: 
can Bridge and Building Association. Reinforced pipe is also 
being used extensively for irrigation work and water supply sys- 
tems. The State of California at Delhi_alone has installed an 
irrigation system of over two hundred miles of pipe from 12 to 
36 in. internal diameter. Concrete pressure pipe for water supply 
system is being used quite extensively. One of the largest installa- 
tions on record is at Tulsa, Oklahoma, consisting of fifty-two and a 
half miles of 54 and 60 in. pipe. Conerete drain tile have been 
used principally in the middle West, in standard sizes ranging from 
4 to 72 in. internal diameter. One of the largest jobs on record 
was awarded in 1923 in Minnesota, consisting of four hundred and 
thirty-six miles of tile 25 to 34 in. internal diameter. Seventy per 
cent of this mileage was concrete embracing principally the larger 
diameters. ; 

In these few moments, I have endeavored to touch upon the 
most interesting and important features of the concrete products 
industry. ‘The markets of the country have just been touched, and 
the use of these products can be increased tremendously by concen- 
trated effort.. As a whole, I do not believe the concrete products 
industry has used as high grade salesmanship in advancing its in- 
terests as have other competing products. There is a bright future 
ahead for the industry as a whole in all its various branches if as 
good a brand of salesmanship is used in selling these to the public 
as our competitors use: High grade concrete trim stone and build- 
ing blocks of granite texture, or equal, have a most promising 
future because of the fact that there is no more pleasing masonry 
construction than the ashlar type. Such masonry is conceded as 
the best for most purposes. In the past, only a small portion of 
such masonry has been built up of concrete units. 
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As a parting message, I, therefore, urge all concrete stone and 
block manufacturers to compete most vigorously for this type of 
masonry construction, which, after all, is the most profitable to 
the manufacturer. In these closing statements I am emphasizing 
the concrete blocks and trim stone, as I feel they have not come 
into as common use as have the various forms of concrete pipe. The 
average engineer is ready and willing to use concrete pipe on an 
equal or preferred basis with other pipe, and a vigorous effort on 
behalf of building blocks and trim stone will bring their use to the 
same happy state. 
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CHAIRMAN HuMPHREY.—The speaker has always felt that the 
next person who will address us is a protégé of the American Con- 
crete Institute, and that its members do not really appreciate how 
much of a pioneer he is in this very important field of -the artistic 
treatment of concrete, although it was before this Institute that 
his work was first exploited. The work that he has done and is 
doing is illustrated in the exhibits in the other Hall and it augurs 
well for the future; the speaker believes that in that future, be- 
cause of its great merit, this work will be referred to as Earley 
Concrete. 

It is a great pleasure to present Mr. John J. Earley, who will 
speak to us on , 

“Architectural Concrete.” 


ARCHITECTURAL CONCRETE. 
By Joun J. HARLEY 


ARCHITECTURAL” SCULPTOR, WASHINGTON, D. C. 


RCHITECTURAL ¢oncrete is a concrete which meets the re 
quirements of the architect and which is approved and used 
by him as a building material. The architect has absolute author- 
ity and is the sole arbiter on questions of appearance in the build- 
ing industry. Only those things which received his approval find 
a permanent place in it. To force a way past him is useless. 
There is nothing to be gained but the shell of ostracism or the bitter 
cup of disappointment. It is just and right that such absolute 
authority should rest in the architect, because only in him is the 
full knowledge of the industry. To him belongs the treasure which 
experience has lain up through the ages. 

It is hard for some to understand why the architect should 
have power to reject any material because of a poor appearance and 
they wonder how he describes as poor an appearance which is 
thoroughly satisfying to another. But one man’s judgment is not 
as good as another’s. The architect’s opinion is founded on the 
common experiences of many men through many generations. The 
knowledge which he possesses may not be in scientific form, but 
it is true knowledge nevertheless. Scientifically expressed knowl- 
edge may aid in speculative thought and in the rapid development 
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of technique for new materials, but it is not absolutely necessary 
for either. 

Knowledge like truth is simple. It is complicated only in 
its expression. The knowledge possessed by a fine craftsman differs 
in no way from that of a great scientist excepting in form. When 
Michael Angelo built the dome of St. Peter’s Church in Rome he 
knew the stresses in that structure and took care of them efficiently 


BOOTH AT TWENTIETH ANNIVERSARY MEETING DEVOTED TO 
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and well. But I doubt whether he could have made the calcula- 
tions in such form as to meet with the approval of modern engi- 
neers. When the vaulted roofs of medieval cathedrals were propped 
by flying buttresses, the designers with intuitive knowledge, with 
the knowledge of a craftsman correctly translated the stresses. I am 
sure they could not have calculated them, nor have expressed them 
on a diagram, and I wonder how many engineers there are today 
who can do so. During the world war, a striking example of what 
I mean was brought to our attention: ‘The United States decided 
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to build a number of concrete ships, and inquiry was made of the 
world’s best authorities on ship building for scientific knowledge of 


the stresses set up in ships in high seas, and none was found. Do 
J 
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you think that the race of men through all its history has gone 
down to the sea in ships built by those who knew nothing of them ? 
Such a question is ridiculous. They did know! The ship builder 
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and the marine architect had a craftsman’s know ledge. The ex- 
perience of ages had left to them real and practical knowledge, 
The recent work of certain scientists has clearly shown the normal 
eye to be a correct instrument which gives the sensations proper 
to the stimuli received. Therefore, we may conclude that the archi- 
tect, when he rejects a material because it has a poor appearance, 
is neither blind nor mad, but is exercising a prerogative which is 
justly his, and which he is qualified to use. 


SHRINE OF THE SACRED HEART, WASHINGTON, D. C. 


Within the past twenty years concrete came to the architect 
and asked for a place in the building industry. It said, es am 
young and strong, will work faithfully and for low wages.” ‘The 
architect replied, “All this I know, but your appearance is below 
my standards, therefore, I will not employ you.” Concrete decided 
to work in the building industry in spite of Lim, but some how 
things did not go well and concrete was to recognize the authority 
of the architect and the need for a better appearance. Only a long 
story could tell of the efforts which have been made and the de- 
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vices which have been employed to improve its appearance. ‘These 
efforts have been made along traditional and I must admit logical 
lines. The first movement is always to present a new material in 
the guise of an old. I do not mean you to understand that this 
is not proper. It is. 

When electricity came into general use for illumination the 
mechanics of its installation were in no way standardized and the 
nature of its light was little understood. The fixtures which had 
been employed for gas and candle lighting and which through many 
years had been developed into artistically acceptable forms were of 
necessity used. Only recently, after the mechanics of installation 
have been standardized and the nature of the light has been better 
understood, have electric light fixtures assumed distinctive form. 

The first development of an artistically acceptable appearance 
for concrete was the work of those who presented concrete in the 
form of stone. They are to be praised and encouraged. They 
made the necessary preliminary effort and will hold what has been 
gained while a true technique is being developed. Within the past 
féw years concrete stone has been made into a fine product and has 
been able to meet artistic requirements in a manner equal to the 
natural stone which it simulates. In this form it has served a use- 
ful purpose and will enjoy popular favor until an appearance pecul- 
iar to concrete has been developed and put into general use. In 
all probability the time required for this will be sufficiently long to 
insure a just recompense to those who have been pioneers. We 
cannot, however, accept concrete stone as the full measure of con- 
erete’s ability to assume a good appearance any more than we can 
accept an electric candelabra as the ideal electric light fixture. 

When you realize that considerable knowledge of the material 
and reasonably uniform methods for handling it must precede any 
useful work on its surface treatment or appearance and when you 
recall how short a period of time has elapsed since concrete has 
been treated as a plastic of great mobility and not a granular solid 
to be pushed and tamped into place, you will understand what I 
mean by saying that the development of a good appearance for con- 
crete has been rapid. Within recent years, certainly within the 
past five, there has been an earnest effort to apply all available in- 
formation to the problem. It has attracted men who can bring 
to it not only the trained sense of the artist and architect, but also 
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the knowledge of the craftsman and scientist. Through the co- 
opereation of the members of this Institute we have learned much 
of the nature of the materials in concrete and of their control. 

The elements of a good appearance are three, namely, good 
form, color and texture. And the experience of the past few years 
has taught that concrete of any form, color and texture can be 
made by the proper selection of the materials, particularly of the 
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aggregates, and by the effective control of them while in a plastic 
state. With regard only to its appearance, let me suggest that 
concrete be thought of as an aggregate, which is held in place by 
the least possible amount of hardened cement paste, and which 
before the hardening of the cement,was flowed into place in a 
vehicle of water. This gives the idea that it is the aggregate which 
takes the form and gives the color and texture, that the cement is a 
binary material and has no part in the appearance, and that the 
water is a carrier which places the material with the least amount 
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of work. This idea is the most valuable fruit from the past twenty 
years of work on concrete surface treatments and it is our stake for 
the adventures of the future. 

Although concrete is a plastic material which hardens in a 
mold and although the forming of concrete is a casting process, 
nevertheless; concrete has certain peculiarities which prevent the 
technique developed for other plastic materials from being apphed 
to it. When the dry materials of concrete are mixed with water 
they will in time set or harden, but they do so in a different way 
from other casting materials. Plaster of paris, for instance, when 
mixed with water and cast in a mold, will not segregate or lose 
volume, but on the contrary will increase a little in volume and 
by this ensure complete filling of the mold and a sharp cast. In 
addition it will set quickly. Concrete does not act in this way. 
When placed in a form or when cast in a mold there is no increase 
of volume, there is no stability of mass. The solids tend to sep- 
arate from the water, to settle towards the bottom of the mold, also 
to fall away from the vertical surfaces and the underside of the 
horizontal ones. Water immediately fills the place left by the 
moving aggregates and the result is a dull unattractive casting. 
Castings made of concrete usually contain a greater volume and 
weight of material than comparable castings in any other ma- 
terial and require a longer time to set or to fix the volume of the 
material against changes. All of these things when not controlled ° 
by a proper technique naturally cause the form of concrete to fall 
short of architectural requirements. These shortcomings have un- 
fortunately been very general, indeed, that architects have come 
to accept them as necessary and have allowed modifications of 
form, have omitted architectural mouldings and reliefs because 
fitting execution could not be expected in concrete. Contractors 
have encouraged them in this belief and have by this means avoided 
technical difficulties. Some of the experiences of my studio would 
be humorous if they were not sad. Architects submit their prob- 
lems of concrete surface treatment with apologies, with fear that 
that their drawings are too glaborate even though simplified to the 
point of crudeness, and with hope that we will do our best to re- 
tain what little is left of the esthetic. 

The color and texture of concrete are in a similar state of dis- 
order and from a similar cause, namely, misapplied technique. 
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While color and texture are only adjuncts of form nevertheless they 
are to the artistic sense necessary adjuncts, just as the sensation 
of color, although not necessary to vision is the fullness of sight. 
Of all the materials and methods of coloring paint is the common- 
est and the technique of painting is probably the best known of the 
decorative crafts. This probably accounts for the efforts many 
have made to apply it to conerete. With pigments coloring is 
usually done by adding to a base, such as white, material of another 
hue. The base is thus changed in hue and chroma, according to 
the kind and amount of material added. Experience has taught 
that a base should be neutral, that is, it may range in value be- 
tween white and black, but it may not have an appreciable chroma 
of any hue, particularly of a hue opposed to the colorant. 

The coloring of cement by methods similar to those employed 
for pigments has not been successful because cement, even white 
cement, is not a neutral base. It has color sufficient to inter- 
fere with that of an added pigment. The difficulty is aggravated 
by the chemical activity of the cement which attacks the structure 
of many of our most desirable pigments. Furthermore the addi- 
tion of finely ground pigment weakens the cement, therefore; the 
addition of an amount of pigment exceeding a small per cent of 
the volume of cement is not permitted, and as a result concrete 
cannot be given a hue of great strength, a hue approaching in 
strength that required for adequate decoration. 

I do not mean to be discouraging by the difficulties which I 
have pointed out. They are of the past rather than of the future 
and I have reviewed them for the sole purpose of impressing you 
with the desirability of a technique proper to concrete. The funda- 
mentals of such a technique have been developed within the past 
few years. Much must be added before the control of concrete 
will constitute a craft, but I think in time this will come about. 
As state before, the chief fruit of our labors is in the recognition 
of the aggregate as the major factor in the appearance of concrete. 
It is by constructing a skeleton of aggregate the volume changes, 
settlements and segregation are prevented, and the necessary per- 
fections of form are secured. It is by causing the aggregate to 
occupy a very great part of the surface that predetermined color 
and texture are obtained. Coloring is not so difficult by means of 
ageregate as hy means of pigment. Aggregates are not impaired 
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by the action of cement, the strength of chroma is not limited, and 
the character of the concrete will be permanent. A great wealth of 
color knowledge, all that of the impressionist or pointillist school 
can be immediately applied to concrete if we consider each grain 
of aggregate as a spot of color placed in just a position to other 
spots, all of which will blend in the air to a hue of even value and 
chroma. As a result of the experiences of the past twenty years 
I do not think the American Concrete Institute would be hasty if 
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it announced that the problem of giving a proper appearance to 
concrete has been solved and that subject to further development 
the technique of concrete surface treatment has been indicated. 
Within the next ten years I expect to see concrete a fully ac- 
credited artistic and architectural medium. Because of my peculiar 
position as an architectural sculptor I am able to understand the 
position of the architect and to respect his arbitrary stand. I also 
have a craftsman’s knowledge and am able to see the possibilities 
of concrete in art and architecture, its great facility, its exquisite 
form and color, and its limitless textures. This forecast for the 
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future is not, therefore, an enthusiastic hope, but a reasonable ex- 
pectation. 

A new building material, one of major importance, after it 
» has gone through its novitiate and has been accepted usually begins 
to exert an influence, to give its own character to the work in which 
it is used. That concrete will be no different in this respect from 
other materials is proved by those artists and architects who are 
using surface treated concreted to a considerable extent. Certainly 
we may expect concrete buildings both in their structure and ap- 
pearance to develop an individuality equally as marked from that 
of standard masonry as the latter is from frame. 

I think there is as great a desire on the part of the architects 
that concrete be speedily given a good appearance as there is on 
the part of the cement and concrete industries. Every architect 
realizes that the cost of building is out of balance with economics 
and that for expediency many of the properties of his art must be 
sacrificed. He knows that these sacrifices have been made to an 
extent which threatens decadence. Such periods of artistic sup- 
pression have occurred before and have been relieved only by an 
economic change, by something which made it again permissible 
to properly decorate. Armies returning from the crusades brought 
memories of graceful minarets and beautiful domes, they also 
brought hands a plenty and the influence of both is easily seen 
on the architecture of Europe. When we think of the saving in 
the labor required to form and place a plastic mass over that re- 
quired to form and place a solid mass and of the wonderful possi- 
bilities which better knowledge will give to concrete may we not 
conclude that this is the economic change which will allow a fuller 
and greater development of structural and decorative forms than 
did the return of those men from the Crusades. 
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CHAIRMAN HuMpureY.—When the history of this period is 
written, an outstanding figure among those who will have left 
their impress in the field of engineering, one whose research and 
investigation of concrete and reinforced-concrete have contributed 
so much to the industry that it is known the world over, one be- 
laved by all who know him, a Past-President of the American So- 
ciety of Civil Engineers, the American Society for Testing Mate- 
rials and many others, than whom no one can speak wrth greater 
authority, will be Professor A. N. Talbot, whom it is my honor and 
very great pleasure to present to you and who will speak to us on 
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ENGINEERING RESEARCH IN CONCRETE AND 
REINFORCED-CONCRETE. 


By Artruur N. TaLpor 


PRoFessor OF MUNICIPAL AND SANITARY ENGINEERING AND IN CHARGE OF 
THEORETICAL AND APPLIED MECHANICS, UNIVERSITY OF ILLINOIS. 


Ne THIS Twentieth Anniversary Meeting of the American 
Concrete Institute, much has been said of the development 
of concrete construction during the lifetime of the Institute. 
While concrete had been in use for many years before, and notable 
structures of various kinds had been built, the extent of its use in 
the nineteenth century was relatively small, as is evidenced by the 
output of American Portland cement, 5,500,000 bbl. in 1899, as 
compared with 137,000,000 bbl. in 1923. Foundations and the in- 
terior of massive parts had constituted its larger field of usefulness. 
With the opening of the twentieth century, however, reinforced- 
conerete, or concrete-steel or armored concrete, as it was com- 
monly called, began to be of interest to the engineers and archi- 
tects of the United States. It had made a start in Europe before 
that and a number of engineers there had learned much of the 
technique of this form of construction. ven in this country a 
few like Ransome in California had done pioneer work, and Hyatt, 
an American, had done early experimental work of some value. 
Many Americans had made use of it in small ways. But except 
in arch bridges the real start in the United States was made about 
the beginning of this century, a start that was destined to be fol- 
lowed by a most wonderful development in variety and nature of 
structure and of usefulness, and by a most marvelous expansion 
in the volume of reinforced-concrete construction, as well as in the 
use and usefulness of concrete generally. 
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In judging of the part that engineering research has played in 
this expansion and this development, it will be well first to consider 
the state of the art, the diffusion of the knowledge, and the gen- 
eral attitude toward concrete and reinforced-concrete that existed 
twenty or twenty-five years ago. Looking back twenty-five years 
it is not out of place to say that there was a general lack of tech- 
nical knowledge of the principles of reinforced-concrete construc- 
tion among engineers, architects and contractors in this country, 
as well as a dearth of experience in the practical side of the con- 
struction, and that there were many mistaken notions prevalent. 
In the earlier days I have known of reinforcement being placed on 
the wrong side of the member and of most absurd attempts at rein- 
forcing and ludicrous errors in design. I hope I shall not be taken 
to mean that there were not some who were skilled and skillful in 
design and construction. The profession as a whole, however, was 
not informed on this new art, and some had mistaken notions and 
others special prejudices against this form of construction. Be- 
sides, a new art must prove itself sound, must do things to gain 
the confidence of constructor and owner and insurer and banker. 
It must demonstrate its correctness with certainty, its utility with 
satisfaction, and its safety and economy with conviction. And a 
new art does not burst full-blown into action; it must grow and 
develop and be trained towards perfection. I trust then that be- 
fore I am through it will be apparent to all that engineering re- 
search in the technical side of reinforced-concrete has had a most 
important part in the development and extension of reinforced- 
concrete construction in the last twenty years, and that research 
will be thought worthy of your commendation on the occasion of 
the twentieth anniversary meeting of the American Concrete 
Institute. 

I wish there were time and opportunity adequately to record 
the accomplishments of research in the field of concrete and rein- 
forced-concrete in this period. With the limitation put on me, 
that is impracticable; I can hope only to give some impressions of 
the work and its meaning. 

An agency which greatly aided and stimulated research in 
reinforced-concrete in the early part of this period was the Joint 
Committee on Concrete and Reinforced-Concrete. This commit- 
tee, which held its first meeting in June, 1904, was formed by joint 


170 TWENTIETH ANNIVERSARY PAPERS. 


action of the American Society of Civil Engineers, the American 
Society for Testing Materials, the American Railway Engineering 
Association, and the Association of Portland Cement Manufactur- 
ers, and a few years later representation was given also to the 
American Concrete Institute. A report of the subcommittee on 
Plan and Scope made at the time of the Engineering Congress in 
St. Louis in August, 1904, recognized clearly that it was vitally 
necessary to have extensive and adequate tests made to cover the 
field of concrete and reinforced-conecrete on which to base conclu- 
sions and recommendations for design and construction and for 
regulating practice in this promising type of construction. A 
subcommittee on Tests was formed, whose most active members 
were Messrs. Hatt, Humphrey, Thompson, Turneaure, and the 
speaker. For some years this subcommittee outlined and sug- 
gested and stimulated research. Through their exertions the 
hearty co-operation of college laboratories and other laboratories 
throughout the country was obtained. The Structural Materials 
Laboratory of the United States Geological Survey at St. Louis, 
the laboratories of the University of Illinois, University of Wis- 
consin, Purdue University, Ohio State University, Massachusetts 
Institute of Technology, and various others made valuable con- 
tributions to knowledge, and later still other laboratories added 
contributions in many ways. The information so obtained, to- 
gether with that derived from other sources, including foreign re- 
search, helped to enable the Joint Committee on Concrete and Re- 
inforced-Concrete understandingly and intelligently to make the 
progress reports of 1909 and 1912 and the final report of 1916— 
_ documents that, while they were attacked as being both radically 
unsafe and unsound, and unduly and inordinately conservative, 
time has shown on the whole to be sound and constructive and to 
have exercised most important and beneficial influence on engi- 
neering practice in this country through these years. This com- 
mittee, of course, was only one of many influences that stimulated 
engineering research. 

I wish there were opportunity to relate in a historical way 
the many principles that have been established and the many 
points of practice that have been accepted, all based upon the re- 
search work of this period. ‘Time will permit only a reference to 
the type of questions that required consideration. In beams at- 
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tention had to be given to the permissible tensile working stresses 
in reinforcing bars for different kinds of structure and different 
forms and qualities of bars, and to whether the tensile strength 
of the concrete may be utilized for the resisting moment of the 
beam. What working stress in compression may be allowed in the 
concrete, or Detter, what percentage of reinforcement for the given 
working stress in tension is permissible? How shall web stresses 
be calculated and what allowance shall be made for the various 
forms of web reinforcement—a most difficult and vexing question, 
particularly before measurements of the strains developed in the 
web reinforcement had been made. How much is the available 
bond resistance of a bar, and in what way does it depend upon 
form and size? What values of positive and negative bending 
moment shall be specified under the varied conditions existing in 
buildings and other structures? How shall floors be calculated, 
and how do their loads distribute themselves to and along the beams 
and girders? How do columns act and what is their strength? 
What is the effect of spiral reinforcement, both on the ultimate 
strength and on the useful strength of the column, and what of the 
combination of longitudinal and spiral reinforcement? Must 
columns resist bending put into them by the floor system and how 
may provision be made? How do footings act and how may they 
be designed? Has the flat slab a mysterious and wonderful 
strength which baffles analysis? What specifications may best be 
made for the strength of concrete itself? In details of construc- 
tion, how close may bars be spaced both among themselves and 
to the sides of the member, and what provision shall be made for 
forms and bracing and false work? All these and very many other 
questions needed answering. Many of them now seem trifling, 
others trite, still others are yet far from being fully settled. All 
needed tests, information, real experimental facts. It is true there 
were some, as strangely there are still, who persisted in basing their 
views solely on their own analytical inner consciousness. 

The photographs and drawings in the exhibit of Engineering 
Research are representative of investigations in concrete and rein- 
forced-concrete made in this period of twenty years, more fully of 
the first part of this time, researches that altogether contributed 
greatly to the progress of this new art. At the risk of seeming to 
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overlook many important contributions, it may be of interest briefly 
to refer to some of the problems undertaken. 

In this country before 1904 a little experimental work had 
been undertaken, notably by Lanza, Hatt and a few others, which 
had been very helpful in various ways, but perhaps most largely as 
a reconnaissance into the method of testing reinforced-concrete 
beams. The tests of large beams made in January, 1904, at Rose 
Polytechnic Institute by Howe, ably assisted by Condron, and those 
made at the University of Illinois in the spring of 1904 gave 
what was probably the first reliable experimental evidence brought 
out in the United States on the position of the neutral axis in 
reinforced-concrete beams, and with the careful and complete 
measurements of strains and full description of the action of the 
beams under load gave confidence in the methods of testing and 
the applicability of the results to practical work. The tests at the 
University of Wisconsin in 1904 gave clear evidence that the tensile 
strength of concrete gives way at low loads and that this tension 
is not an element in determining the strength of beams. Of other 
tests in great variety made in various laboratories in the years 
following, reference may be made to tests on limiting compressive 
stresses, methods of web reinforcement, tee beams, and reinforce- 
ment with plain and deformed bars. The Structural Materials 
Laboratory of the United States Geological Survey at St. Louis 
under the direction of Humphrey early produced a large amount 
of valuable and timely data. The tests of the University of Wis- 
consin under Withey were valuable contributions. Of the many 
beam tests made at the University of Illinois those of Larson on 
continuous beams having a great variety of forms of web rein- 
forcement (yet unpublished) are worthy of mention. 

But research is always found to have incidental by-products. 
Did not the tests of 33-ton slab beams made for the Illinois Cen- 
tral Railroad in Chicago and viewed by a hundred engineers give 
to these engineers and many others an appreciation and a confidence 
in this new form of construction otherwise not easily gained? And 
did not the sight of the comparative tests of large cast iron culvert 
pipe and reinforced-concrete pipe give these same engineers a new 
idea of the applicability of this material? Similarly, the early 
tests of buildings—the strains in the concrete and the steel being 
measured first by Lord, followed by Hatt and Slater and Gonner- 
man and Richart and others—these tests not only gave needed in- 


AMERICAN CONCRETE INSTITUTE. ie 


formation on the action of the structural members of the building, 
but conveyed to designer and constructor and owner a confidence 
in reinforced-concrete that was lasting, even though, as many will 
remember, it was difficult to overcome the prejudice against those 
fine cracks that the whitewashed surfaces exposed to the view of 
the layman, cracks which the research man knew from the begin- 
ning must accompany the loading of such structures. 

To consider other technical lines: The work of Abrams on 
bond will long remain a classic. The tests on wall footings and 
pier footings, also made at the University of Illinois, have given 
the whole profession information and fundamental conception of 
the action and resistance of footings that seem to have proved very 
useful. The investigation of columns at the University of Wis- 
consin, University of [linois, and Lehigh University, and that im- 
portant series of the American Concrete Institute made by its Com- 
mittee at the Pittsburgh Laboratory of the Bureau of Standards 
and the tests of McMillan on shrinkage changes added needed 
knowledge of this important member. I wish I could talk in de- 
tail of the column tests. The tests of reinforced-concrete frames 
by Abe at the University of Illinois and the later tests by the 
Emergency Fleet Corporation, described in the Proceedings of the 
Institute by Slater, threw much light on forms of construction 
that will be used more and more in the future. 

In the important field of flat slab construction, the many tests 
of buildings made in various places and the tests on experimental 
slabs at Purdue University and elsewhere, as well as the unpub- 
lished tests of cantilever slabs at the University of Illinois, have 
given noteworthy information, and these and the more recent 
analytical investigations of Slater and Westergaard have changed 
the status of the flat slab from a mystery or a miracle to a sub- 
stantial reality. 

Only passing reference may be made to a variety of research 
work of other kinds—the fire tests of the Underwriters Labora- 
tories and the Bureau of Standards, in which Ingberg and Hull 
had an important part, the valuable tests of stucco construction by 
Pearson at the Bureau of Standards, and the recent extensive tests 
of the United States Bureau of Public Roads under Goldbeck and 
the various State Highway Departments, as well as many minot 
tests made at various college and other laboratories, all of them 
aiding in the progress of the art of construction. Nor can time 
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be taken for a statement of the work done in recent years on that 
most important subject, the elements influencing the properties 
and quality of concrete itself, a topic that still deserves the earnest 
attention of many laboratories, notwithstanding the extensive and 
important work done by Abrams and the Structural Materials Re- 
search Laboratory and by various other laboratories. 

Attention is called to another feature of the exhibit, a collec- 
tion of bulletins published by universities and government labora- 
tories, recording the results of research in concrete and reinforced- 
concrete. (University of Illinois 23 bulletins; University of Wis- 
consin 7 bulletins, and sample publications from other schools and 
the Bureau of Standards.) The public spirit of these and other 
state universities and the general government in providing for this 
research and disseminating the information to the public in this 
way is deserving of commendation. Such publication and the pro- 
ceedings of the American Concrete Institute and other societies 
and the engineering periodicals are replete with evidence that engi- 
neering research has contributed greatly to progress in reinforced- 
concrete in the past two decades. 

I have said little of the work of the last few years. Research 
has become so widely extended and so prominent in engineering 
activity that all are familar with it. Notwithstanding this there 
‘must be regret that recognition can not be given here to the very 
many valuable contributions to knowledge made in recent years. 

May it not, then, be concluded confidently that engineering re- 
search has been a large factor in the development of reinforced- 
concrete in this twenty-year period? And the end is not yet. En- 
gineering will continue to need and use ingenuity and experience 
and judgment, and rules and precedent and vision, but more and 
more as time goes on will it be dependent upon engineering science, 
which in turn depends upon research. Herein lie future oppor- 
tunities for the American Concrete Institute. Cement needs 
study—we are still ignorant about it in spite of boasts. Concrete 
needs study—its ingredients, the methods, the requirements to in- 
sure durability. Reinforced-concrete needs study—it is far from 
perfect. By continuing to encourage the spirit of research in all 
these directions and by assuming responsibility in determining and 
advocating right methods and condemning improper practices, the 
Institute will be adding greatly to its service to constructional in- 
terests and the public. 


_— a vse 


AMERICAN Concrete INSTITUTE. hs 


CHAIRMAN HuMpHREY.—The newt topic is “Making Good 
Concrete.” That of course is the rock wpon which the Institute 
will survive or perish. One of the men who has been outstanding 
wm the devotion of his life to the study of the art of making better 
concrete, a man who is well known to us all and who hardly needs 
to be mentioned by me, Prof. Duff A. Abrams, who will tell us 
something of what he knows on the subject. 


MAKING Goop CONCRETE. 
By Durr A. ABRAMS 


In Crarce SrructuRAL MATERIALS RESEARCH LABORATORY, 
LEwIs INSTITUTE, CHICAGO. 


HE type and adaptation of structural materials is one of the 

best criteria of the development of the race. Reinforced- 
concrete is the newest arrival in the long list of materials which 
have been used by man for shelter, protection, convenience, or 
ornament. 

Reinforced-concrete was used in a small way both in Europe 
and in the United States durmg the last quarter of the nineteenth 
century, but it has seen its greatest utilization in the United States 
during the past twenty years. 

Early Development.—it is difficult to review the progress of 
the past twenty years in concrete making without referring to 
earlier developments. 

Concrete may be defined as an intimate mixture of hydraulic 
cement, aggregate, and water, which is permitted to set and harden 
under favorable conditions. Without qualifying adjectives con- 
crete is now understood to refer to portland cement concrete. 

This term was applied as early as 1780 to a mixture of lime 
and boulders or crushed rock ; later it was used to refer to mixtures 


made with natural cement. 
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The use of mixtures of pebbles or stone chips with some bind- 
ing material is as old as civilization and dates hack to the prehis- 
toric use of mud for this purpose. 

Modern use of hydraulic cement dates from the work of 
Smeaton in the construction of the Eddystone Lighthouse in 
1756-9; the next great step was the invention of portland cement 
by Joseph Aspdin in England in 1824. Progress in the utilization 
of hydraulic cement was very slow; several seawalls, breakwaters, 
etc., were constructed by English and French engineers during the 
40s and *50s. The first great impetus to the use of portland 
cement came in 1856, when Grant adopted this material in the 
mortar for the system of sewers then under construction in London. 

The first uses of concrete on a large scale were in the con- 
struction for the armies and navies of England, France and the 
United States—dry docks, seawalls, jetties, ete. The next exten- 
sive use was in canal construction—retaining walls, locks, ete. 

General G. A. Gillmore seems to have been the first American 
engineer to make a careful study of concrete. These studies were 
made immediately following the Civil War. 

The exhibit which accompanies this paper shows some of the 
significant features of the hterature of concrete making. These 
books and pamphlets may be considered as milesposts on the road 
to good concrete. 

Adaptability of Conerete——Concrete owes its principal advan- 
tages as a structural material to its high strength in compression, 
ease of placing, wide distribution of constituent materials, low 
cost, satisfactory resistance to fire and other destructive agencies, 
and to its good appearance. 

Concrete differs from other structural materials in that it is 
actually manufactured at the site of the work, usually with un- 
skilled labor and with little expert supervision. Like all manu- 
factured materials, the final result depends on carrying out each 
step in an intelligent manner. Due to the almost endless variety 
in the structural characteristics and in the size and grading of 
aggregates, it is obvious that concrete is in many respects a very 
complex material, although in its essential principles it is quite 
simple. 
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Steps in the Making of Good Concrete——The following steps 
must be considered in making good conerete: 


(1) Selection of materials. 

(2) Design of concrete mixtures. 
(3) Mixing of concrete. 

(4) Transporting. 

(5) Placing. 

(6) Curing. 


_ Maine Gooo Concnere 


BOOTH AT TWENTIETH ANNIVERSARY MEETING DEVOTED TO 
MAKING GOOD CONCRETE, 


The requirements which must be met by cement are covered 
by the Standard Specifications and Tests of Portland Cement of 
the. American Society for Testing Materials. It is interesting to note 
that the requirements set forth in these Specifications reflect the 
results of the experiences of the entire world. The specifications 
for portland cement of practically all civilized countries are essen- 
tially the same as those now standard in the United States. ‘There 
has been a marked elevation in the minimum requirements for 
cement during the past twenty years, especially in fineness and 
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briquet strength. Cement tests are more generally made than 
formerly. 

There has been a marked advance in requirements for aggre- 
gates, although our ideas have changed in some important respects 
with reference to the value of tests for wear, hardness, etc., which 
were originally developed for rock for macadam roads. 

Earlier practice in concrete making was based on the use of 
arbitrary mixtures such as 1 part cement, 2 parts sand, and 4 parts 
crushed rock or gravel. Scientific studies have furnished the basis 
for design of concrete mixtures in such a way that the materials 
at hand can best be adapted to the requirements of the work. 

The studies of effects of size and grading of aggregate on the 
strength and other properties of concrete were begun by Feret in 
France in the early *90s; similar tests on concrete mixtures were 
published in this country in 1906. Durimg recent years many 
studies have been carried out which have further extended our 
knowledge of the scientific principles underlying this phase of con- 
crete making. 

There has been a marked tendency toward the general use of 
aggregates of larger size—particularly in concrete road work; it is 
not uncommon to see aggregates up to 3 or 4 in. used for this 
purpose. . 

Tests and experience have shown that sea-water, bog-waters, 
waters containing sewage, etc., may be used for mixing concrete 
with good results. 

Twenty Years of Concrete Research.—The practical use of con- 
crete antedated our knowledge of its real properties. The passing 
of time has not always marked a forward movement in the art-of 
concrete making. The widespread use of reinforced-conerete and 
lack of real knowledge of the function of the materials which go to 
make up concrete, led, in many instances, to the use of too much 
mixing water, and hence, as we now know, to inferior concrete. 

The scientific studies of concrete and concrete materials in 
the United States are practically coincident with the life of the 
American Concrete Institute. 

Only scattered tests of concrete had been made prior to 1900; 
practically all such tests were made at the Watertown Arsenal. 
Earlier investigators gave a great deal of attention to reinforced- 
concrete research ; the history of development in this field has been 
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sketched by Professor Talbot. The scientific study of concrete was 
a later step. 

The investigations of Fuller and Thompson, Sabin, Wig, Ed- 
wards, Hatt, Goldbeck, Pearson, Withey, Talbot, and many others 
have produced results of far-reaching importance. Many of the 
reports of these researches form a part of the Proceedings of the 
Institute. 

The somewhat tardy development of a proper technique of 
concrete testing was largely responsible for many false steps in 
progress toward better concrete. There is a close relation between 
the output of testing machines and the production of good concrete. 

Probably the most significant recent advance in concreting 
practice has come about as a result of the general recognition of 
the fact that the quantity of mixing water (as compared with the 
quantity of cement in the batch) is the controlling factor in de- 
termining the quality of concrete. 

Machine mixing of concrete is almost universally done on im- 
portant work, although good results can be secured by hand-mixing 
if proper attention is given to details. 

Care must be exercised in the transporting concrete from the 
mixer to the forms in order to prevent segregation. The wide- 
spread use of chutes for distributing concrete on the work is one 
of the notable features of the past twenty years’ development. 
Chuting is an economical method of transporting concrete, but 
unfortunately, it places a premium on the use of an excess of mix- 
ing water, which generally produces a conerete of low strength and 
inferior resistance to weather and other destructive agencies. 

Qualities of Good Concrete.-—The most desirable qualities of 
good concrete are: . 


(a) Strength. 

(b) Resistance to wear. 

(c) Resistance to weather. 

(d) Resistance to fire. 

(e) Resistance to sea water and other destructive agencies. 
(f) Permeability. 

The strength required of concrete is dictated largely by the 
type of structure under consideration; it is practicable to design 
and secure concrete having any designated strength up to any 4000 - 
Ib. per sq. in. at 28 days. 
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The resistance of concrete to wear became an important 
factor upon the advent of the concrete road. The destructive 
effects of weather on all structural materials is too frequently over- 
looked in discussions of the quality of concrete; we are beginning 
to realize that weather, particularly in latitudes above 40° is one 
of the most destructive agencies that concrete must withstand. 

yreater care is being taken today than ever before to see that 
concrete is protected against drying out until the cement has 
hardened and the concrete has attained a considerable proportion 
of its ultimate strength. Proper curing is especially important in 
work exposed to high temperature and winds or in thin sections 
exposed to summer climate. 

Quality of Concrete as Influenced. by Type of Structure.— 
Mass concrete was the earliest form of concrete construction. Here 
it was feasible to take advantage of the known principles of design 
of concrete mixtures to a greater extent than in other types of 
work. There is no necessary restriction on the size of aggregate 
which may be used. It is also feasible to satisfactorily place drier 
mixtures than is the case in reinforced-concrete construction. 

In reinforced-concrete construction the workability of the con- 
crete, the size and grading of the aggregate, etc., must be dictated 
by the difficulties encountered in the placing. This generally re- 
quires a smaller size of aggregate and a wetter mixture than would 
be used for mass concrete. 

A widespread use of concrete in road construction has exerted 
an important influence in raising the general quality of concrete 
throughout the country. For this type of service concrete of high 
quality is necessary ; defective work soon becomes apparent; conse- 
quently, every effort is made to secure concrete of uniformly high 
quality. In concrete products an entirely different type of mix- 
tures and materials must be used. 

Improvements in Field Methods.—Various types of machinery 
made their appearance very early in concrete work. Machine- 
mixing has almost entirely displaced the earlier hand-mixing. 
There has been a marked tendency during the past twenty years 
toward the use of mixers of larger capacity. For road work mobile 
mixers of large size are common. 

There have been marked improvements in the direction of a 
more general practice of washing and sizing of aggregates for all 
important concrete work. 
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Central proportioning and mixing plants, particularly for con- 
crete road construction, are a development of the past few years. 

Significant features of recent origin are the weighing of ma- 
terials for concrete batches, and the inundation method of measur- 
ing sands in order to secure a uniform quantity in each batch. 

One of the most significant developments in recent years is 
the rapidly growing practice of carrying out field tests on the 
concrete during construction operations. The widespread present 
interest in this subject is indicated by the four papers and com- 
mittee reports on field tests before this convention. Tests recently 
completed through the co-operation of the Joint Committee on 
Concrete and Reinforced-Concrete and the contractors have demon- 
strated the value of field control and have shown that concrete of 
uniformly high strength can be produced. 

The advances in knowledge of the properties of concrete, and 
the dissemination of this information in this country are an ex- 
cellent example of co-operative endeavor extending over a period 
of years. A great many individuals and organizations are re- 
sponsible for the improvements which have occurred in the art of 
making good concrete. The technical and engineering societies, 
the trade organizations, the technical press and the various joint 
committees have all borne an important part in this development. 

The Future.—It may be stated that future developments in 
concrete practice will probably be along the following lines: 


(1) More widespread dissemination of a knowledge of 
and appreciation of the value of principles of concrete-making 
based on carefully conducted tests. 

(2) Better informed engineers, inspectors, and foremen. 

(3) More tests of concrete during construction. 

(4) Improved devices for handling materials and for 
proportioning batches. 

(5) Concrete of uniformly higher strength and better 
quality. 
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CONCLUSION TO ANNIVERSARY SESSION. 


By RicuHarp L. HUMPHREY. 


T now becomes my duty to bring to a close this very interesting 
memorial session. 

It is apparent from what has been said to you today that the 
Art of reinforced-concrete is quite young. It is less than three- 
quarters of a century ago since the first experiments on embedded 
metal in concrete were made. It is less than half a century ago 
that the first house was built and a little over a quarter of a 
century ago since more pretentious structures were undertaken. 

This is indeed a short period of time as contrasted with the 
life of ancient Roman structures, surviving remnants of which tell 
the story of mortars and concretes used more than 2000 years ago. 

The speaker is firm in his behef that the ancient lime 01 
cement is not in the same class with the present-day Portland 
Cement. What a wonderful record the surviving structures would 
tell of the ancient art of building construction, if a material having 
the durability of the present American Portland Cement had 
been used. 

The century that has elapsed since John Aspdin obtained his 
patent for making Portland Cement is but a brief space as meas- 
ured by human accomplishments, and yet in that time there has 
been a tremendous development of the use of this material in 
building construction. It is not improbable that the consumption 
of cement in this country during the past year was greater than 
all that was ever used in Imperial Rome. 

The great future of concrete lies in its intrinsic qualities as 
a building material and in the ingenuity displayed in devising 
mechanical appliances by which it may be economically mixed 
and placed. 

In the nearly twenty years that have elapsed since this Insti- 
tute had its birth the increasing knowledge of the properties of 
concrete and its application has been reflected in the transition 
from heavy massive structures to lighter and more artistic ones. 
The early conditions in this country surrounding the use of con- 
crete, namely, cheap materials and relatively high cost of labor 
made it economical to use materials and save the labor of form 
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construction which would have been necessary in reducing the mass. 
In Europe the conditions were just the reverse, and the effort was 
to economize in the use of costly materials; concrete was elimi- 
nated where not structurally required and there resulted lighter 
appearing and more artistic structures. The greater care in mixing 
and placing concrete and a greater freedom in design led to the 
erection of structures in Europe which American conservatism 
would not permit. 

The development of the American Concrete Institute had kept 
pace with the growth of the industry and as the latter acquired 
stability and permanence the Institute has also acquired stability 
and a standing that places it beyond that critical period when its 
continued existence was in doubt. 

To those pioneers who guided its earlier destinies, its present 
position is most gratifying; and the relief felt has all the zest 
that one experiences in the winning of a hard race. 

When the Institute shall have acquired the venerability that 
one hundred years of honorable achievement will confer, what a 
great privilege it will be for its members to review the marvelous 
progress of the industry, in the light of the constructive worl 
shown on the Institute records. 

In the ages to come when the members of this worthy Insti- 
tute learned in the art of concrete construction ponder over the sins 
of omission and commission of us, their predecessors, just as we 
are wont to ponder over the art of the ancients, our predecessors, 
in the use of masonry cementing materials, will they not consider 
our efforts crude, just as the art of the ancients seems crude in the 
light of our meagre knowledge of that art. 

If we could look beyond the veil of time into the future, what 
a vision we might behold; Aladdin’s lamp would have nothing on 
the magic that has been wrought by Portland Cement. The tre- 
mendous increase in the consumption of Portland Cement is beyond 
the dreams of the most sanguine and the end is nowhere in sight. 

Bold indeed is he who would foretell of the uses of Portland 
Cement. 

One evening while pondering over the probable future devel- 
opment of Portland Cement, the speaker became unconscious of his 
surroundings and it seemed as if he had attained the long-sought 
millennium ; and as there unfolded before him the wonderful pano- 


184 TWENTIETH ANNIVERSARY PAPERS. 


rama of the future he beheld the City Beautiful of Concrete, ar- 
tistic, unburnable, indestructible. 

The problem of our day had been solved—statuary and other 
works of art formerly carved from perishable marble were molded 
in concrete and had a texture equal to that of any stone—capable 
of taking an enduring polish. This new material, manufactured 
by scientific formulas, resulting in a uniform standard material 
free from the unsightly flaws of stone formed by the less scientific 
processes of nature. 

Lumber had been replaced by boards, posts, joists and other 
structural forms molded from reinforced-concrete of lightweight 
aggregate, a lumber into which nails could be driven, having 
strength greater than wood, with the highest resistance to fire and 
to the action of destructive agencies. This concrete lumber had 
also replaced wood for door and window sash and other parts of a 
house formerly built of wood. 

Barns, silos, water tanks were all built of concrete; the live 
stock was fed from concrete feed troughs or feeding floors. 

Barges and ships; freight and passenger cars; battery cells; 
radio, telephone and telegraph poles and masts; sewer and water 
pipes, drains, conduits and culverts; retaining walls, bridges and 
quay walls; pavements and curbing, were all built of concrete. 

The movement for decentralization of congested centers of 
population had become effective and with the marvelous facilities 
for communication, travel by air, radio, wireless, telephone and 
telegraph, the need for dwelling in thickly populated centers had 
disappeared. By reason of this decentralization and the use of con- 
crete in building construction, the losses from fire and the bur- 
densome fire insurance had become almost negligible. 

The lightweight aggregate reinforced-concrete had opened up 
new fields of use; its elastic properties and strength replaced the 
formerly used lumber and steel; its resistance to fire and its dura- 
bility and the minimum expenditures for maintenance had made 
it the building material par excellence and had resulted in its use 
for purposes not heretofore contemplated. Cinder partition blocks 
and slabs had replaced the materials formerly used because of 
their insulating value, fire resistance and the facility with which 
they could be applied. 


AMERICAN CONCRETE INSTITUTE. 185 


The researches that had been inaugurated both in Europe and 
in this country had developed a cement that was as superior to 
Portland Cement as it had been to the ancient Roman Cement. 
This new material offered a maximum resistance to sea water and 
_to alkali action. 

The elastic properties of concrete and the laws of proportion- 
ing and mixing it had become so well understood that its structural 
application was bold beyond the wildest present-day fancies. 

Graceful, artistic bridges of verey great span were now built 
of concrete. 

Concrete had become the building material. 

The people lived in concrete houses, walked or motored on 
concrete pavements; were transported in vehicles of concrete over 
roadbeds on reinforced concrete rails supported on concrete ties ; 
over concrete bridges, through tunnels lined with concrete; water 
and liquid wastes were carried in concrete pipes and conduits. 

This new cement had a more uniform strength, was practi- 
cally of constant volume and had a chemical composition which 
enabled it to attain a very great strength in twenty-four hours. The 
resulting concrete attained a compressive strength in forty-eight 
hours of more than 10,000 Ibs. per square inch; its toughness gave 
it a high resistance to shear and bending. 

Indeed so marvelous was the development in the quality of 
Cement that the speaker again became conscious of his present 
surroundings and the vision of the future vanished. 

And what can the speaker say more—a new and wonderful era 
hes before the Institute. 

The present art of making Portland Cement is an evolution 
of more than 2000 years of effort; the principle of hydraulicity if 
not discovered, for there is nothing new under the sun, was at least 
restated at the beginning of the 18th Century. 

It is highly probable that the research now under way will lead 
to the discovery of fresh facts and will result in improved methods 
of manufacture, producing a cement of greater uniformity as to 
comparative strength, constancy of volume and binding qualities. 

If the mortars and coneretes of the ancient Romans have 
survived the tests of time what may we not expect of the superior 
Portland cement mortars and concretes of the present and of the 
future. 
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The present day concrete is relatively a new structural mate- 
rial; the facility with which it may be reinforced with metal any- 
where in its mass to resist tensile stresses gives it a wide applica- 
bility. 

The protection afforded the embedded metal from corrosion 
is practically perfect ; its resistance to fire where proper aggregates 
are used is superior to that of other building materials; its artistic 
appearance when properly designed; its durability; its economy 
in cost of construction and maintenance are qualities that make it 
enduring and give it a premier position among building materials. 

The development of standard specifications has done much 
towards securing a uniform material; investigations have been 
made and research undertaken for the purpose of determining the 
constitution of Portland cement, yet the field tests of the concrete 
in which such material is used show a range in value which may 
in part be due to workmanship and in part to the materials used 
and yet there may be other factors contributing to these variations. 

The speaker looks for a very great improvement in the field 
methods of making and placing concrete. 

Perhaps the doctrine most hurtful to the progress of con- 
crete was that concrete could be mixed and placed with common 
labor and, therefore, cheaply; doubtless many of the early failures 
resulted from and investigations showed that in most cases they 
were due to inexperience and careless workmanship. 

The time is not very far distant when it will be found most 
economical to employ high grade skilled workmen. This tendency 
has been growing for some time and its need is all the more appar- 
ent if one contrasts the conditions prevalent at the time the Insti- 
tute was formed with those of the present time. It was common 
practice to mix by hand methods. The field work was in charge of 
carpenters and foreman; there were few skilled workmen for the 
reason that there were few reinforced-concrete buildings. 

With the acquisition of a more exact knowledge of its proper- 
ties concrete faces a future of enduring success. 

In conclusion may the speaker be permitted to paraphrase a 
well-known quotation,— 


“all passes, art alone endures— 
concrete outlasts the throne.” 
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HOW STRUCTURES WITHSTOOD THE JAPANESE EARTHQUAKE 
AND FIRE 


By H. M. HaApiEy* 


At noon on Saturday, Sept. 1, 1923, there occurred a great earthquake 
in the east central portion of the main island of Japan, which earthquake 
in its destructive consequences, is one of the worst recorded in human 
history. The earthquake itself wrought tremendous instant damage. 
Structures of all kinds that were deficient in foundations or rigidity broke 
and fell, bridge piers were overturned, tunnels were blocked, landslides 
swept down mountains, many thousands of people were killed, and vast 
havoc was caused. This was but the beginning, however. Occurring at 
the hour of noon when dinner was being prepared in many houses in 
Yokohama and Tokio, the collapse of weak structures; particularly the 
collapse of light-framed wooden Japanese houses, started simultaneous 
fires in many places, the building department of Tokio reporting that 
74 separate and distinct fires started a few minutes after the first de- 
structive shock with a total of 140 original fires, of which 15 were ex- 
plosive, 85 from stoves (hibachis) and 40 from sparks. Water mains and 
supply lines had been broken, many streets were choked with debris, fallen 
wires, abandoned vehicles, etc., and the densely built up cities consisting 
principally of wooden construction interspersed with brick buildings, and 
less frequently with buildings of reinforced concrete or structural steel 
frames, practically all without fireproof openings or details, stood as so 
much fuel for fire. Fire came. Conflagrations swept the cities, prac- 
tically wiping out Yokohama, destroying about 50 per cent. of Tokio, in- 
cluding the major part of the business district, and consummating the 
great disaster. 

No exact estimate of the damage is possible. One estimate gives 
80,000 human beings killed and 140,000 missing. Of the missing undoubt- 
edly many thousands were killed. Property of vast value was destroyed, 
probably four to five billion dollars worth. There is the further loss that 
cannot be evaluated of demoralization of business and loss of records, 
ete., ete. The Japanese Kmpire was dealt a very heavy blow. 

The Japanese islands constitute a region in which earthquake activity 
is more frequent and pronounced than anywhere else in the world. Hun- 
dreds of quakes occur annually, although the great majority are so slight 
as to be almost imperceptible. At varying intervals in past history, have 
occurred earthquakes of magnitude equal to or greater than this one, but 
this earthquake is the first in Japan to severely test modern building con- 
struction. 


*District Engineer Portland. Cement Association, Seattle, Wash. 
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Various observations at different stations agree in locating the origin 
of this present earthquake in Sagami Bay. Whether the cause be volcanic 
or tectonic, a great buckling of the earth’s crust occurred at this point. 
Preliminary soundings taken between Oshima Island and the southwest 
shore of Sagami Bay, reveal a 300 ft. uplift in the bottom of the bay at 
what had formerly been the point of maximum depth, accompanied by a 
600 ft. settlement, below its former depth, of the bottom on both sides of 
this newly uplifted portion. 

Incompleted surveys show marked changes in the elevation of the 
shores surrounding Sagami and Tokio Bays. Extensive uplifting of 
12 to 15 ft. has occurred in places with less uplift or sometimes settlement 
elsewhere. The tremors and vibrations set in motion by these great crustal 
changes are what constitute the disastrous earthquake of Sept. 1, 1923. 

Regarding the character of destructive earthquake vibrations, the fol- 
lowing is condensed from a paper written by the late Dr. F. Omori. The 
complete earthquake motion is composed of several sets of waves of dif- 
ferent transit velocities and different lengths of vibrational period. Due 
to the more rapid dissipation of energy in the waves of shorter period, it 
depends on the distance of the observing point from the origin of the 
quake, which of the several sets of waves is the most pronounced and pro- 
duces the maximum vibration. Maximum waves from a distant origin 
have an average period of 20 seconds; from a comparatively near origin 
(the example given has a distance of 2070 km. = 1286 miles), a period of 
8 seconds; and from a near origin, a period of from 1 to 2 seconds; gen- 
erally being 1.5 seconds. Waves of the first two classes are imperceptible 
without instrumental aid. Waves from a near origin and of short period 
are classified as longitudinal and transverse, the former and more rapid 
moving directly in the line from the subterranean origin to the point of 
observation; the latter and slower moving normal to the plane determined 
by the point of observation, the origin, and the epicenter, i. e., the point 
on the earth’s surface vertically above the origin. 

It is the period between the arrival of the longitudinal and transverse 
waves—that is, when only the longitudinal waves are felt—that consti- 
tutes the preliminary and minor phase of an earthquake. It is the trans- 
verse waves, which have in general, only a small vertical component, that 
produce the shocks of maximum intensity. Even in districts that have 
been situated directly above the origin of severe earthquakes, the evidence 
shows much greater damage from the transverse or horizontal vibrations 
than from the longitudinal, which in any epicentral zone are vertical. 
Observation shows that for a given period, the amplitude of vibration of 
the maximum transverse wave reduces inversely as the square of the dis- 
tance from the origin, or even more quickly, depending upon the character 
of the interv@ning material. 

From another of Dr. Omori’s papers, published in 1900, the following 
is quoted: “In ordinary cases the vertical component of earthquake 
motion is much smaller than the horizontal. Thus in the severe Tokio 
earthquake of June 20, 1894, the strong motion seismograph in the 
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Seismological Institute, recorded a maximum horizontal motion of 73 mm. 
(period 1.8 seconds) while the maximum vertical motion was only 11 
mm.” * * * * “T may here note that earthquake motion, though 
sometimes very violent, is continuous and does not consist of isolated jerks 
or shocks. The idea prevalent among certain engineers that in destructive 
earthquakes, buildings are first uplifted by the vertical motion and are 
then destroyed by being suddenly thrown downward, is quite erroneous.” 

For the determination of the dynamic effect of earthquakes upon 
structures, the customary seismological measurements of time and 3- 
dimentional movement forms the basis. The unknown, unmeasured quan- 
tity is the velocity of motion at different points in the path of the earth- 
quake wave. 

The diagram herewith shows a graphical representation of one com- 
plete earthquake wave. Actually the points 0 coincide, but they are shown 
separated to illustrate the assumption which is made: namely, that in 


FIG. 1,—THEORETICAL EARTHQUAKE OSCILLATION, 


going from 0 to 0 the motion is harmonic; that the velocities along the 
path vary as the sines of the angles formed by a point moving at uniform 
velocity around a circular path in the period T. Under this assumption 
the maximum velocity of the earthquake wave occurs at the points 0, while 
the maximum acceleration occurs at the extremities of the path. Whence, 
mathematically, 


4a 7 
T2 


and I, the dynamic earthquake effect, the earthquake force on structures = 


(= “) (w = weight of 
; Te = weight o structures. 


On September 1 at the Seismological Institute at the Imperial University, 
Tokio, the most severe shock had an amplitude of 10.3 em. (4m) in a 
period of 1% seconds, of which the dynamic effect was, according to the 
above formula almost exactly 1/11 W. Greater motion occurred in later 
shocks, approximately 6 inches, but the time interval was greater and the 
first named shock was the maximum in so far as its effect on buildings and 


Max. Acceleration = 
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structures is concerned. This observatory is situated on the high firm 
ground of the city where the motion was not so great as in the low lying 
business area. The observatory’s estimate of the motion in the low lying 
ground is from two to three times that at the observatory, and they esti- 
mate that the severity of the shock at Yokohama was three to three and 
a half times that at the University. 

If a glass of jelly be turned into a dish and the dish be shaken gently, 
relatively great motion of the jelly will ensue. This behavior is illustra- 
tive of the effect of earthquake vibrations in firm and soft ground. The 


FIG. 2.—SUMITOME WAREHOUSE—TOKIO. 


West and South elevations. 180 x 200 ft. high. Filled with heavy storage 
valued at $4,000,000 at time of earthquake. 


wave amplitude in firm material may be increased several-fold if the over- 
lying ground be soft, spongy or marshy. This fact has an important bear- 
ing on the Yokohama-Tokio disaster. 

These cities are both situated on the west shore of Tokio Bay; Tokio 
at the head of the bay and Yokohama, 18 miles distant, at the head of 
deep water navigation. From Yokohama southward the low irregular hills 
rise steeply from the water’s edge, in some cases cut by waves into bare 
abrupt bluffs, one hundred or more feet high. These hills are of recent 
geologic origin consisting of horizontally stratified beds of clays, sands, and 
gravels, and combinations of these materials, not yet solidified into rock, 
and topped by a loosely compacted reddish-yellow earth of probably vol- 


cani¢ origin. From Yokohama northward to Tokio, the hills rise less 


FIG. 3.—REINFORCED-CONCRETE WAREHOUSE AT HIGASHIKANAGAWA. 


Wreck due to foundation settlement. 


FIG. 4..-CASCADE BREWING CO.—TSURUMI. 


Reinforced Concrete. Only minor damage done to main building shown in 
photograph. 
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abruptly and more gradually to the higher levels behind and except at a 
few points do not lie close to the shore, since the silting up of the upper 
bay by the discharge of several rivers and other geologic processes have 
built up a low flat marginal plain of varying width between the hills and 
the present water’s edge. Extensive areas have been filled and reclaimed 
at various times at Tokio, Yokohama and intermediate points, and most 
of the destroyed areas in both Tokio and Yokohama were situated on this 
low-lying ground. Particularly in Tokio, the boundaries of the fire-swept 
districts closely coincided with those of the low-lying ground on which the 
great majority of modern buildings were located. 


FIG. 5.—REINFORCED-CONCRETE GRAIN ELEVATOR AT HIGASHIKANAGAWA. 


In this stage of construction when earthquake occurred. One of the largest 
reinforced concrete structures in earthquake zone. Practically 
undamaged. Good pile foundations. 


While the earthquake in some instances damaged certain buildings and 
left other nearby ones untouched, this is not, as is sometimes suggested, 
to be regarded as a vagary in the occurrence of the shock. In any given 
district where soil conditions were identical throughout, it is practically 
certain that the shock was everywhere of consistent performance, and dif- 
ferences in damage are to be attributed to differences in the structures 
themselves. Also the speed of propagation of the earthquake motion is so 
great that except as results of local fissuring and cracking of the ground, 
no differential shaking of buildings can be supposed, i.e., any structure 
would be affected equally and simultaneously in all its parts. 
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Building construction in Japan is represented by structures of all 
characters, those of the type of the ancient empire, shut off from inter- 
course with the outer world, of course, predominating, but modern struc- 
tures of steel and reinforced concrete are numerous and are being built in 
ever increasing numbers. Reinforced concrete had been used in Tokio for 
some fifteen years; structural steel about five: Brick had been used ex- 
tensively for many years in the construction of stores, dwellings, factory 
buildings, etc., while wood and stone masonry had been used for centuries 
and it was in these last named materials that Japanese architecture had 
found its own characteristic and individual expression. 


FIG. 6.—PHOTO SHOWING GENERAL DESOLATION AT YOKOHAMA. 


Russo-Asiatic Bank Building. 


Common to all types of buildings is the necessity for good founda- 
tions. Without full and adequate support no structure could be expected 
to stand and no structure did. There has been considerable discussion 
regarding the merits of mat and pile foundations. Either is satisfactory 
so long as unyielding support is obtained. Inasmuch as the severe earth- 
quake motion is predominantly horizontal, the cushioning effect which it 
is claimed can be obtained with mat foundations is a cushioning not in 
the direction of the severe forces. On the other hand, where mat founda- 
tions do not have piles beneath them carried to a depth sufficient to fur- 
nish full and unyielding support, very expensive damages may result from 
the bodily settlement of these mat foundations with their superimposed 
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building into the soft ground under the shaking effect of the earthquake. 
Where individual footings are used they should be connected with beams 
of sufficient strength to maintain them at all times in their normal rela- 
tive positions. 

Reviewing the behavior of structures of the several building materials 
under the test of earthquake and fire, the following summary can be made: 


1. Wood.—In the fire-swept areas all evidence was destroyed. Else- 
where the performance was generally good. In Japanese houses where 
heavy tile roofs were carried by light wall posts with little bracing, more 


FIG. 7.—KIRIN BREWERY—YOKOHAMA. 


Photo shows undamaged reinforced concrete tower used for malt and 
hops storage. 


or less racking with consequent cracking of plaster ensued and, of course, 
there were numerous collapses of buildings inadequately braced and stif- 
fened. The Japanese are skillful carpenters and their houses are framed 
with mortise and tenon joints and wooden pins, etc. The combination of 
great strength with light weight that is the inherent character of wood, is 
most advantageous in structures subjected to earthquake shocks. At the 
same time the problem of efficient joints and connections becomes increas- 
ingly important. Two of the finest examples of wood construction are to 
be seen at an industrial plant at Kawasaki, where two buildings of rein- 
forced concrete collapsed and a third was badly damaged. These buildings 
had been designed by an American architect who had an adequate concep- 
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tion of the forces to which these buildings might be subjected. Conse- 
quently all connections between beams and the columns which were closely 
spaced in one direction, had been knee-braced and well bolted and washers 
of generous size were used. At each of the three floors the buildings were 
trussed horizontally at all four walls and at all four corners vertical 
trusses in the plane of the side walls extended from the foundations to the 
roof. These buildings, full of valuable machinery, escaped without the 
slightest damage. 


FIG. 8.—ABSOLUTELY UNDAMAGED REINFORCED-CONCRETE BUILDING ON BLOCK 
IS MARUNOUCHI CENTRAL, TOKIO. 


2. Brick.—Regarding brickwork, it should be stated at the outset that 
practically all construction is with Japanese brick, of a strength no greater 
and probably weaker than American common brick. Mortar undoubtedly 
varied greatly in quality but the execution and workmanship of laying up 
brickwork is probably superior to American. In the vast amount of shat- 
tered brickwork fractures in general occurred through the brick itself and 
not along the mortar joints and also revealed the inner mortar joints well 
filled and without voids or holes. Construction of buildings generally in 
Japan is a more slow and deliberate process than in America, and work- 
manship can be correspondingly more thorough and careful. 

With certain splendid exceptions, brick failed badly and was respon- 
sible for great loss of life. The following is from the report of K. Satch, 
Structural Engineer of the Tokio Building Department, who was in charge 
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of the investigation of 485 brick structures in Tokio, 49 of which were 
situated on the relatively firm higher ground, and 436 on the low lying 
ground. Needless to observe, the percentages based on the low ground 
buildings are more representative than the high ground, since nine times 
as many buildings are under consideration. 


Districts. | Entirely | Partially | Heavily Slightly 

| Collapsed. | Collapsed. | Damaged. | Damaged. Recamaest.|wLoral, 

Yamanote (hard soil)............. | 3 9 

Shitamachi (soft soil)............. | 44 104 7 130 8 436 
1 

Showing the above figures by percentages: 

| | 

Varn aitotoner cater e ti 6.0 | 18.4 30.6 Bo 12.3 

Shitamachi 01111] 10:0 | 939 | 200 | (875 18.6 


FIG. 9.—TEMPORARY QUARTERS OF YOKOHAMA SPECIE BANK. 


Reinforced concrete and brick filler walls. Damage due to brick filler walls. 


Fundamentally the weakness of brick masonry is its low tensile 
strength which is insufficient to withstand the bending and swaying that 
an earthquake causes unless the walls be of considerable thickness and be 
well stiffened by the floor systems or heavy division walls. 


3. Structural Steel—aAs stated, the use of structural steel for build- 
ing purposes is very recent in Japan. Nevertheless numerous large struc- 
tures had been completed and others were in the course of erection, when 
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the earthquake occurred, and these buildings were sufficiently numerous 
and varied in character to permit conclusions to be drawn regarding their 
behavior. It is unnecessary to enumerate the known excellences of struc- 
tural steel, although the severe property losses that occurred in the burned 
areas from its use without any fire protection emphasizes the necessity for 
properly safeguarding it. What is the outstanding and unusual feature of 
skeleton steel framed buildings under earthquake conditions is their ten- 
dency to rock and sway. The sudden quick motion of the ground produces — 
a correspondingly sudden bending and deformation of the steel columns 


FIG. 10.— PATENT OFFICE EXHIBITION BUILDING—TOKIO. 


Rear North Elevation. Reinforced concrete. Failure due to inadequate 
foundations causing a 2-ft. settlement. 


and the horizontal load is thrown upon the stiffer vertical members of the 
structure: the exterior walls, interior partitions, stair and elevator en- 
closures, ete. Whereupon these secondary vertical members, unless they 
possess adequate power of resistance, are broken and shattered, and there- 
after the resistance is furnished by the structural steel alone, when on the 
other hand the wall construction possessed the adequate power of resistance 
no damage was entailed, the buildings standing rigid and unyielding. Four 
large completed steel frame buildings in Tokio and two practically com- 
pleted escaped without damage from the earthquake. The common char- 
acteristic of all of these buildings was their complete or extensive use of 
reinforced concrete wall construction. These buildings are the Industrial 
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Bank of Japan, the First Mutual Building, No. 21 Mitsubishi, and the 
building of Katakura & Company. These were completed and occupied. 
The two under construction were the Marumouchi Hotel and the Kokko 
Life Insurance Co. Building. These buildings all escaped with absolutely 
no damage. They were the only large steel frame buildings in Tokio which 
did. On the other hand, the 11 other large steel frame buildings which 
employed brick for their wall construction all sustained more or less dam- 
age due to the shattering of their exterior walls, breaking of interior par- 


FIG. 1]1.—INTERIOR VIEW SHOWING BADLY DAMAGED FIRST STORY COLUMN IN 
BUILDING NO. 25 OF INDUSTRIAL PLANT AT KAWASAKI 


Shows absence of spiralling and very light binders. 


titions, destruction of marble trim and wainscoting, damage to elevators, 
etc. One other large building had its structural steel frame completed and 
conerete wall construction started in the lower stories, but this building 
was not sufficiently advanced in its wall work to serve as proof of the 
merits of concrete wall construction for resistance to earthquake. Three 
other buildings, the Sumitomo Bank, the Mitsubishi Bank, and the main 
Central Railway Station were of structural steel and heavy brick or stone 
masonry. These were all rather low structures, however, and are not to 
be classed with those previously mentioned. Outside of Tokio no large 
structural steel frame buildings of the above character existed in the earth- 
quake region. A number of industrial plants had mill and shop buildings 
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of structural steel which behaved in an entirely satisfactory manner when 
adequately braced and not exposed to fire. 

A general survey of the situation leads to but one conclusion: Prop- 
erly designed structural steel buildings, well braced and thoroughly fire- 
proofed can be made earthquake-proof; the simplest, cheapest and most 
efficacious bracing can be secured by making the wall construction of re- 
inforced concrete. 


4 


FIG. 12.—BUILDING NO. 18, INDUSTRIAL PLANT AT KAWASAKI, BETWEEN 
TOKIO AND YOKOHAMA. 


Reinforced concrete. Damage caused by poor foundations and lack of rigidity, 


4. Reinforced Concrete——The performance of reinforced concrete under 
the test of earthquake and fire can only be classed as highly satisfactory. 
A survey of reinforced concrete construction in Tokyo Prefecture conducted 
by the Tokyo Building Department under the direction of Mr. Y. Nagata, 
Chief Engineer, resulted in the following findings: 


Entirely | Partially | Greatly | Partially |; 
Collapsed. | Collapsed. | Damaged. | Damaged. Pe Sa Ss 


8 rhe pane’) 69 462 592 
Percentage of total............... We Acts 1) weed 11.7 78.0 | 100.0 


I questioned Mr. Nagata closely regarding the exact meaning of the 
terms of his classification, that are perhaps indefinite. Regarding “Entirely 
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Collapsed” and “Partially Collapsed” there can be no uncertainty. “Greatly 
Damaged” he illustrated by two buildings: The Hoshi Drug Building and 
the Industrial Club of Japan. “Partially Damaged” means without severe 
damage to structural frame, although the walls may be shattered. He 
gave me as examples of this clagsification the following structural steel 
framed buildings, Tokyo Kaijo, N. Y. K. Maranouchi, and Yuraku. “Un- 
damaged” includes cases of minor cracking of walls, but no damage to 
structural frame. The Sumitomo Warehouse illustrates this classification. 
As stated this survey includes damage by fire. Warehouses classed as par- 


FIG. 13.—POWER PLANT AT HIGASHIKANAGAWA, 


Reinforced concrete boiler house. Failure due to faulty engineering design. 
Heavy roof was not anchored, tore free from the columns and fell. 


tially collapsed would shift to the undamaged classification were the earth- 
quake alone considered and there are several other buildings which would 


be similarly changed. 
Elsewhere in Tokyo Prefecture the results obtained were as follows, 


this damage being solely by earthquake: 


Entirely | Partially | Greatly | Partially Undamaged.| Total. 
Collapsed. | Collapsed. | Damaged. | Damaged. 


8 9 7 5 89 118 


Percentage of total.............-- 6.8 Sef 5.9 4.2 Too) 100.0 
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In giving me this information, Mr. Nagata told me it was preliminary, 
and subject to change and correction, but substantially was correct ; 
changes to be minor only. 

Considering all things, this is a highly satisfactory performance. Par- 
ticularly is this true when the character of concrete in this district of 
Japan is known. No criticism can be made of the character of Japanese 
cement used in this district, but their aggregates as used would be sum- 
marily rejected in any construction work in this country. The sand itself 
is quite fine, of uniform size and of indifferent structural quality. The 


ric. 14.—MITSUI NO. 3 BUILDING—TOKIO. 


North and West elevations. Reinforced-concrete—110 ft. high. Gutted by fire— 
uninjured by quake. Debris in foreground from adjoining brick 
structures. Concrete stack at left on Mitsui No. 4 Building. 


greatest trouble results from the coarse aggregate. This is river gravel 
of fair strength which is dug by hand from river bars. It is used in the 
condition in which it is dug, all particles being coated with silt, and with 
an admixture of about 25 per cent sand in the gravel. A composite sample 
taken from six different building jobs under construction in Tokyo showed 
the following results: Gravel contained 1 1/10 per cent silt in the coat- 
ings; sand contained 144 per cent silt; organic plate No. 2. Seven-day 
briquettes 85 per cent of Ottawa; 28-day briquettes 89 per cent of Ottawa. 
Average compressive strength of six 4 x § cylinders stored 28 days in damp 
sand at 70 degrees I’., 1103 pounds per ‘square inch. With a division of 
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FIG. 15.—POWER PLANT AT OIMACHI. 


FIG. 16.—NICHI NICHI» BUILDING—TOKIO. 


Reinforced concrete. No damage. 
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material on the 4 inch screen the 1: 2:4 mix which they so extensively 
employ would be actually a 1: 3:3. With excess of water and poor cur- 
ing it is unlikely that their building concrete possesses a strength more 
than 800 or 900 pounds per square inch. Nevertheless, it is concrete of 
this character which performed as the above surveys show. It can only 
be expected that with really good concrete, a far better record would have 
heen established. 


EG mali 


JUTSUGYO BUILDING. 


South and West elevations. Reinforced concrete, veneered with Japanese tile. 
Had recently been completed at time of earthquake. 


Causes of Failure——The only good that can result from a disaster of 
this character is the lesson that is to be learned from it. In the field of 
concrete where failures occurred they were due to one or more of the 
following conditions: 


1. Inadequate foundations; 2. Violations of commonly accepted prin- 
ciples of engineering design; 3. Lack of rigidity in buildings. The third 
cause is the feature that is peculiar to earthquakes. The small one story 
market building at Yokohama shown in photograph No. 400 was 75 x 300 ft. 
in plan with 25 ft. square bays, was unusually well built, was thoroughly 
reinforced and the reinforcement was all fully anchored and hooked and 
no sign of foundation trouble was to be seen. Nevertheless, lacking 
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rigidity, lacking resistance to the bending stresses developed by the sud- 
den horizontal motion of the ground on which the structure stood, it failed. 
How this stiffness is to be obtained is the problem of earthquake-proof con- 
struction. The solution is to make part or all of the wall construction of 


FIG. 18.—OKURA & CO., LTD., BUILDING, TOKIO: 


Reinforced conerete-—veneered with Japanese tile and stone. 


reinforced-concrete integral with the columns. This is but another way of 
saying to increase the dimensions of certain columns, since the introduction 
of a duly designed reinforced-concrete wall between and integral with two 
columns makes them act as one column, with a resistance to bending many 
times greater than that which the two separate columns formerly possessed. 
For example, a row of ten l-ft. square columns 10 ft. on centers would 
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have a resistance to bending in the direction of the row which is a function 
of the square of the depth of the columns and may be represented by 10. 
The introduction of a reinforced-concrete wall between two of these columns 
would make a single column of the two, which single column would have 


FIG. 19.—KASHIMA BANK BUILDING—TOKIO. 


Reinforced concrete. Burned by fire. Undamaged by quake. 


a resistance to bending equal to 11? or 121. To secure equal resistance by 
increasing the size of each individual column would require that they be 
made 3 ft. 6 in. each. 

The one story market building of photograph No. 400 had open walls 
between the wall columns. The introduction of 10 ft. wall sections at all 
four corners—points where the sacrifice of light is a minimum—and of 
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small sections of wall perpendicular to the length at one or two points, 
would have unquestionably saved this building. How much wall is needed 
for any design is simply a question of the weight of the structure and the 
earthquake forces, which acting in any direction, must be designed for 


FIG. 20.—MITSUI NO. 4. BUILDING. 


Greinerced concrete. Gutted by fire. Undamaged by earthquake and does not 
have a crack in it. 


Where, as in certain buildings, it may be undesirable to use walls, then 
equivalent stiffness must be developed by trussing or Dy, mame BOM. ate 
use of relatively small diagonals for tension members in conjunction wah 
the regular beams and columns of a building, would accomplish the desired 
result with a maximum of opening. 


\ 
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Regarding the special features of Japanese reinforced-concrete design, 
the most noteworthy is the care given in their best practice to adequately 
anchor all reinforcement. Footing stubs and column verticals are hooked 
at the splices and all possible anchorage for all bars is secured. With the 
reversal of stress that accompanies earthquake motion the advisability of 
this practice is manifest. Laps of column verticals are based on tension, 
not compression. An attempt to vary and stagger the plane at which hori- 
zontal construction joints in columns are made so as not to have all 


FIG. 21.—MITSUBISHI HEAD OFFICE BUILDING—TOKIO. 


Reinforced concrete—tile and stone veneer. Undamaged. 


joints in the same plane, was also observed. I question the necessity of 
this in a structure of good concrete with joints kept free from laitance, 
wood and general dirt. 

Wire mesh was used quite extensively for floor slab reinforcement. I 
noted that it was invariably in the bottom of the slab at supporting beams 
instead of at the top where it belonged. Whether this was intentionally 
or unintentionally misplaced, I do not know. 

The use of metal lath between beams for combined forms and slab 
reinforcement was observed in two failures. This construction provides no 
continuity of reinforcement in beams, and there is a lack of strength in 
consequence. 
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The omission of slab reinforcement in a concrete joist job was likewise 
noted. This detail did not increase the strength of the structure. The 
omission of mesh reinforcement in fireproofing structural steel columns 
entailed disastrous consequences, in one or two instances, most strikingly 
in the case of the Mitsubishi warehouse at Tokyo. This was a large two- 
story warehouse of reinforced-concrete except for the interior columns 
which were angle latticed steel, fireproofed with two inches of concrete 
but without mesh. This building withstood the earthquake without any 
damage, but in the ensuing fire the concrete fireproofing spalled, the col- 
umns buckled, and the major portion of the building collapsed. 

Of all structures of reinforced-concrete, chinineys gave the most un- 
satisfactory performance. There were many that successfully withstood 
the earthquake, but there were likewise many which failed, and in several 
instances caused great damage to structures nearby. The poor quality of 
the concrete revealed itself most plainly in these structures, where con- 
crete of especially good quality is required. 

Bridges of structural steel and reinforced-concrete gave entirely satis- 
factory performance when they received the support they deserved from 
piers and abutments. The 125 ft. skew arch on the Tokyo elevated rail- 
way, a short distance north of the Central railroad station, was entirely 
undamaged. Several steel bridges in the fire zone suffered damage to their 
floor systems where wood decks were used and wooden trestles likewise 
suffered damage from fire. One of the most disastrous failures was on 
the main line railway at the crossing of the Baniu River where a long 
steel plate girder bridge went down due to the overturning of brick masonry 
piers. Mention should be made of the admirable performance of the ele- 
vated railway construction in Tokyo. South of the station for two or three 
miles the track is elevated and carried on a series of brick masonry arches 
of 40 to 50 ft. spans, terminating in heavy abutments at the street inter- 
sections. This work stood perfectly. So likewise did a, mile of reinforced- 
concrete elevated construction, north of the Central station. 

Concrete retaining walls gave generally satisfactory performance. 
Foundation troubles were responsible for any damages which I observed. 

Regarding tunnels, the only lined tunnel which I saw was through 
the Bluff at Yokohama, about 14 mile long and was lined with brick. One 
portal was damaged by a landslide, but otherwise it escaped undamaged. 
On the main railroad lines through the mountains landslides blocked 
numerous tunnels. 

In conclusion I would state that in general satisfactory performance 
was obtained only with structural steel or reinforced-concrete; that the 
concrete was of uniformly inferior character; that despite this fact its 
behavior was admirable; that skeleton construction with either material 
without bracing is inadequate; that firm and unyielding foundations are 
essential; that in building construction the use of reinforced-concrete walls 
is the simplest, best and cheapest insurance against earthquake damage. 


THE EARTHQUAKE IN JAPAN. 


By Josepu S. RuBLE.* 


The first earthquake shock on September 1, 1923, was at 11.59 a. m., 
the second about 34 of a min. later, the third about 3% min. later, and 
the fourth 11 min. later. The maximum intensity of the shock resulted 
in a horizontal motion, as recorded at the Imperial University in Tokyo, of 
5¥% in, Their devices for recording vertical motion, built to withstand 
the severest kind of earthquake, were destroyed and as a result they have 
no record of the vertical motion. During the first 12 hours we experienced 
a total of 222 shocks. During the first 17 days 1319 shocks occurred. 
Anyone on the ground would have said that the number was even larger. 

Cause.—The cause of the shock, as reported by experts, was a settling 
of the sea bottom of Sagami Bay. The reports which I have state the 
depth of the sea at these points prior to the earthquake as being approxi- 
mately 5,000 ft. The reports concerning the amount of settlement vary 
considerably. It is safe to say, however, that the settlement was some- 
where between 300 and 600 ft. in depth covering an area 5 miles wide 
and approximately 15 miles long. 

I feel there is little question but what the shock was very much more 
severe in Yokohama than it was in Tokyo. As stated before, the horizon- 
tal motion of the earth’s surface in Tokyo was recorded as 5% in. It is 
a safe assertion that the horizontal motion of the earth’s surface in Yoko- 
hama was nearly twice this amount. 

The area affected by the earthquake is generally included within a 
radius of 100 miles from the point of origin. 

Damages.—It is, of course, impossible to state the actual loss as a 
result of the earthquake. The Japanese authorities have estimated their 
loss of property at $900,000,000 or more. This is equivalent to 2 per cent 
of their national wealth. When consideration is given to the loss of pro- 
duction and the increased cost of replacement over the actual cost of 
property destroyed, one can reasonably feel that the total economic loss 
will be as much as two or three times the actual loss of property, and 
when so considered, the figures are rather astounding. I feel that Japan 
is financially sound; they have a large gold reserve both at home and 
abroad, and are undoubtedly in position to pay for anything they desire 
to do. Their credit, therefore, should be considered good. 

The loss of life is reported to total 150,000, divided approximately 
as follows: 


WOkVO<: «wiper tebete cnt FOES + emer 80,000 
Yokohaiman ta ces cterie para oe Pai Ee 22,000 
Elsewhere: ; sResricitcaiek wasn sh ree 8,000 
TotaleunaccountedssO ise. aa. en eee 40,000 


* H. K. Ferguson Co., Cleveland, O. 
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It is hardly possible for one who has not witnessed the disaster to 
realize what these losses mean. It is difficult for one who has witnessed 
the disaster to realize what they mean. Even a fair appreciation of them, 
however, would lead one interested in any construction problem in Japan, 
to try to be very careful of the recommendations he might make in order 
to avoid feeling later that he may have been responsible for a similar 
loss of life and property. 

The company I represent has in process of construction in Japan a 
number of rather large buildings, the designs for which were completed 
prior to Sept. 1. All of these designs have been checked by three engineers 
experienced on building construction in earthquake territories, and except 


FIG. 1.—FOUNDATIONS FOR BUILDING IN JAPAN. 


for minor modification and detail, the plans for superstructures are being 
executed as originally prepared. The foundations we have modified. 
(Fig. 1) The original plans called for concrete piles surmounted by pier 
caps to tie each pile nest together, the exterior group of piles for each 
building being tied together by a spandrel wall. Following the earthquake 
we thought it advisable to add reinforcing to the piles, and to tie each 
pier to its neighbors by a reinforced-concrete beam to safeguard the dislo- 
cation of one pier from its relation to all others. 

Soil—-The nature of the soil on the low portions of Yokohama and 
Tokyo is so-called alluvial deposit washed down from the mountains, 
and overlays in general a strata of gravel. In some locations this wash 
will be entirely mud; in others it will be mixed mud and sand, and 
again in others it will be fine sand. Its depth varies from 3 to 150 ft. or 
more. In the background and on the higher areas of these two cities the 
soil is a red clay beneath which is encountered a soft limestone rock. 
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In order to operateesuccessfully in this territory one needs, therefore, to 
be qualified to handle all types of foundation construction. 

The angle of repose is questionable, may be only 2 or 3 deg. from 
either horizontal or vertical. 

Foundations.—The Japanese themselves, at least those with whom 
I conferred, give preference to a foundation on solid soil; second choice 
to caissons or long piles to hard bearing, and, in general, third choice to 
short piles in soft soil covered by a heavy reinforeed-concrete mat 2 ft. to 
5 ft. thick. 

Wherever the foundations were weak you can depend upon it there 
was serious damage to superstructure on Sept. 1. It is an apparent 
fact that the force of the earthquake is more severe along certain veins 
of the earth surface than at other points. This can be appreciated when 
one realizes that the damage in Kawasaki, for example, was extremely 
severe, while Omori was passed by with very little harm, only to have 
Shinagawa very severely shaken. Shibaura was then passed by with 
little damage, and Tokyo was struck rather violently in spots. 

There are evidences of foundation failures’'on hard ground in north- 
west Tokyo four miles from the water’s edge. I have in mind a four- 
story concrete building, on which the southwest corner was apparently 
pushed up about 4 in., while the other portions of the building stayed 
in their original position, the result being that each spandrel girder, 
including the foundation spandrels to this column was broken on each 
story, and the corner of the floor slabs on each floor was broken. I, of 
course, had no bench marks to refer to and do not know that the two 
corners were actually raised, but either this happened or all the rest of 
the building settled; but the whole ground floor seemed to be in good 
condition. 

There are a number of foundation failures in buildings where founda- 
tions were constructed of long piling driven supposedly to hard soil. On 
most buildings examined there was evidence of one or more piers having 
settled. This resulted in overloading of the piers which did not settle, 
which in turn caused the latter columns to break in compression. I have 
used the word “compression” here rather reluctantly for the reason that 
while such columns were undoubtedly overloaded in compression, it is 
quite possible they would have carried such load were it not for the belief 
that the earthquake created an effort to revolve the base of the column in 
a circle while the motion of its top was resisted by the mass of the 
building. In any case, the defect of unequal settlement resulted in serious 
damage to many buildings. The other defect implied in the immediate 
preceding remarks was that a long pile with point bearing, after having 
been driven through soft soil, was dangerous, in that one pier or group of 
piles may have their top move around in the soil more than another 
pier or group of piles, unless they are all tied into a unit by the use of 
beams or girders to hold each group in its relative position to all others. 

Foundations.—Foundations constructed with the use of short piles 
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covered with a reinforced-concrete mat have some desirable characteristics, 
but only when the areas to be covered are fairly large. This type of 
foundation is not good on small areas, because in soil that has any ten- 
dency to be liquid the settlement would become dangerous. Where the 
areas are large, however, there are some advantages to be gained, and 
even though evidences of settlement were apparent on some of the larger 
buildings, such settlement was not enough to be called at all dangerous. 

I am of the belief that solid ground is shaken more violently than 
soft ground, rather because of its solidity it transmits to the structures 
supported by it a greater proportion of the force of the earthquake shock, 
than is the case with soft soil, which has a tendency to absorb the shock, 
and which has the further tendency of permitting the shock of the earth- 
quake to pass under rather than into a floating slab, and thereby it seems 
probable that a building supported on floating foundations, in addition 
to avoiding unequal settlement, receives less injury than one supported 
on solid ground. 

There is some question in my mind concerning the practicability of 
either of the two outstanding examples of concrete piles used in America 
today; one gaining its strength from the principle of surface friction 
developed by the cone-shaped pile, and the other gaining its strength 
from the principle of an expanded head to gain increased bearing area. 
There are plenty of places in Japan where it will be impracticable to drive 
either of these types of piles to solid bearing, and when one stops to 
consider the possibilities, based on actual observations, of an earthquake 
in Sagami Bay causing water to spurt out of the ground in the vicinity 
of Tokyo, one can appreciate that water so forced through the earth’s 
surface will act on a pile in the same manner as the water jet which we 
use to drive the pile. That such action will cause the pile to lose its 
normal strength, and if loaded, to settle with resultant damage to the 
structure it carries. 

Further observation and test is desirable. Meantime a greater factor 
of safety should be resorted to. 

Retaining Walls, Bulkheads, and Abutments——These can generally 
be considered under the same heading. In Japan they are constructed 
for the most part of stone or concrete, with a few examples in brick. 

Many retaining walls are constructed by the use of a long stone laid 
cross-wise in the wall. The stones generally have some taper from the 
front to the back of the wall. The front face is roughly dressed, and 
when laid, the top, bottom, and sides of the front face fit neatly against 
their neighbors. No mortar is used, but dirt and stone is used to fill in 
the crevices at the back. This type of wall seems to have withstood the 
earthquake best for the reason that it is able to accept wave motion 
without breaking. The principal shortcoming observed in connection with 
this wall was that the stones used were not of sufficient length to resist 
overturning of the wall in which they were used. 
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Retaining walls constructed of heavy concrete with vertical joints 
to permit the wall to accept wave motion came through the earthquake 
quite well. E 

Many concrete walls are badly broken for the reason that they were 
built in long sections. Some of them are broken horizontally wherever 
a construction joint was made. In building this type of wall care should 
be taken to cast it to its full height at one pouring of the concrete. 

Reinforcing improves the strength of this type of wall, but, in gen- 
eral, it would seem that the reinforcing used was not sufficient to resist 
earthquake. 

Stone walls constructed of large stone laid in mortar have some ex- 
amples that came through the quake very good. Other examples are 
badly damaged, particularly by vertical cracks—some by horizontal 
cracks, 

Brick retaining walls act similar to those of stone masonry. The 
shortcoming in construction applying to al types of retaining walls was 
the lack of width to be safe against overturning. I know of one stone 
masonry wall 250 ft. long, the front of the stone bedded in mortar 
and the back of the stone in dirt; this wall was 20 ft. in height, its 
greatest thickness was not over 27 in., its slope from the vertical was 
about 1% in. in 12 in., and amazing as it may sound, only 25 per cent 
of the length of this wall turned over. This statement is still more amaz- 
ing when supported by the fact that its length was approximately at right 
angles to the force of the earthquake. 

Abutments.—Built of heavy concrete following our idea of proportion 
for design, in general, came through fine, principally because of their 
short length. The main shortcoming of those that failed was apparently 
a lack of bond between the footing and that part of the abutment above 
the footing. When built on top of piling the bond to the piles must be 
good, and the bond between the abutment itself and the pile cap must be 
good. For example, the railroad bridge at Kozu, a double track structure 
with 28 piers carrying 60 ft. or 70 ft. steel spans was constructed approxi- 
mately as follows: Piles were driven. Concrete pier cap was cast on the 
top of each group of piles. The pier, or abutment, was then cast on top 
of the pier cap without having made provision for a real bond between 
the pile cap and pier or abutment. The result on September Ist was to 
have each pier and abutment shaken off of the pile cap into the river, 
taking the bridge spans with them. 

Stone masonry abutments constructed of large stone doweled are 
good. When undoweled only fair, and where stone are laid dry without 
dowels, not safe. I have seen examples of the latter construction where 
several large stones near the bottom of the abutment worked themselves 
entirely out of the abutment as the result of the continued vibration of 
the earthquake. 

So-called arched abutments of two or more groups of piles are not 
safe; one or more of the legs break. The safe method to follow is to build 
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solidly from pile tops up. On the government railroad properties, gener- 
ally, retaining walls, abutments, and piers, are well constructed and 
were only damaged where most severely shaken. Construction of this 
kind for the most part has been subject to foreign design and supervision. 

Private work was not so well done with resulting greater losses. 

Fences.—There are numerous examples of stone and brick fences 
that failed mostly at rigid angles to the force of the earthquake. In 
Tokyo, for example, the earthquake came from the south and practically 
every fence that stood at right angles to the direction of the quake fell 
to the south, and for the most part they failed just at the top of the 
footing, or turned the footing over with them. They were not reinforced. 

Stacks.—Are limited practically to two types: steel shells, and rein- 
forced-concrete. Self-supporting steel stacks, in general, came through 
without damage. In several instances, however, I have observed settle- 
ment of foundations which caused the stacks to lean. On the other hand, 
a great many concrete stacks did fail and quite a few of those that re- 
mained standing have damage of one kind or another. The damage on 
the concrete stacks has occurred at all points in the height of the stack. 
In some cases the damage is at the ground line and in others within 
twenty feet of the top. In general, however, it may be stated that the 
damage occurred at approximately one-third of the height, some by com- 
pression, some by tension. In Tokyo and Yokohama where stacks fell 
they, in general, fell towards the north or northwest. 

Towers.—In passing, it is interesting to note that radio towers and 
the poles and towers for telephone and transmission lines, with which 
Japan is covered, were practically unharmed by the earthquake. It is 
true most of this service was ruined in both Yokohama and Tokyo, but 
mainly as a result of their being in close proximity to other structures. 

Tunnels.—There are examples of brick, stone masonry, and concrete 
tunnels. To the best of my knowledge there are no tunnels which fell as 
the result of the earthquake. Some of them lost their portal arches and 
wing walls, they being carried away by landslides. Apparently a tunnel 
constructed inside the earth becomes an integral part of the earth and 
moves with it as a whole and until the earth in which the tunnel is con- 
structed cracks, the tunnel is safe. 

Building Superstructures.—1 have several tables to show the relative 
value, rather their order of value, first for safety from quake, second for 
safety from fire, and third for safety from both earthquake and fire. 
Based on observations after Sept. 1, the building which I consider best in 

each class being placed at the top of the list: 


Types of Structures (For safety from quake) : 
1. Structural Steel (Plain or Fireproof) 
2. Wood Frame (Mill Type) 

Concrete 

Brick and Wood 

Brick and Concrete Iloor 

6. Wood Frame (Light) 
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Types of Structures (For safety from fire) : 
1. Concrete and Structural Steel Fireproofed 
2. Brick and Concrete Floors 
3. Structural Steel (Plain) 
4. Brick and Wood (Heavy) 
5. Wood Frame (Heavy) 
6. Wood Frame (Light) 


Types of Structures (For safety from both earthquake and fire) : 
1. Structural Steel Fireproofed 

Concrete 

Structural Steel (Plain) 

Wood Frame (Mill Type) 

Brick and Wood (Heavy) 

6. Brick and Concrete Floors 

Wood Frame (Light) 


ae Kw 


~I 


Reasons.—I place the safety of human life above all other consider- 
ations. The safety of property and invested capital should take second 
position. 

1. Fireproof Structural Steel Building: None fell or collapsed as a 
result of the earthquake to the best of my knowledge and belief. None 
of them were destroyed by fire except for the contents and the trim that 
was in them. 


2. Concrete Building: None were seriously damaged as a result of 
fire, except for the contents and trim. Some failed as a result of the 
earthquake. 


3. Plain Structural Steel: None fell as a result of the earthquake. 
Some failed and collapsed as the result of the burning of their contents 
and trim. 


4, Heavy Wood Frame: Most of these buildings withstood the 
quake and permitted occupants to escape. Being slow burning, the fire 
was of secondary importance. 

5. Buildings of brick walls with heavy wood floors are structurally 
more secure than when a concrete interior is used. Ocupants can escape 
and fire is again of secondary importance. On this class of building most 
of the failures were in the walls. 

6. Buildings with brick walls and concrete floors had their walls fail 
by the floors sliding over the walls. The columns also failed by quake. 
This type of building indicated serious danger from collapse at the time 
of the quake. None burned except the contents. 


7. Light Wood Frame Buildings. Many failed. Many burned. 
Unsafe from all angles. 


The reason for placing the concrete building ahead of the plain 
structural steel building is based on my belief that the concrete building 
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can be made reasonably safe structurally by the exercise of proper design 
and proper workmanship. Some very fine specimens now stand in good 
condition. 

Brick construetion can be safeguarded by the use of reinforcing steel. 

The light wooden frame building as constructed in Japan can be 
improved upon by greater care to provide bracing, and by the adoption of 
a light roof in place of the heavy tile in general use today. 

The sprinkler system where earthquakes occur is a questionable safe- 
guard against fire, as immediately after the earthquake you are liable to 
have no water supply as a result of broken water mains. 

Rate of Vibration and. Acceleration Ave Important.—A certain build- 
ing may go through one quake with no damage and fall in the next, whose 
severity apparently is half as great as the first, but whose vibratory rate 
acceleration happens to be the dangerous one for this particular building. 

Walls and Partitions—The materials to be used for enclosures, roofs, 
sides, and partitions are quite important; rain, wind, heat, cold, fire pro- 
tection, strength, weight, and liability to damage by quake must all be 
given consideration. 

In general, it is desirable to minimize weight in such materials as a 
means of keeping to a low maximum, the stresses in the structural design. 
Design the structure to be safe in itself without the aid of the strength 
of these materials. Reinforced concrete is the outstanding example of a 
material that can be used for this purpose, i.e., have its strength used 
in walls and thereby reduce the expense for the structural ‘design itself. 
I wonder if it is practical to make a higher strength concrete for such 
use as a means of minimizing weight. The use of terra cotta tile in walls 
is not good. 

Observations.—Greater care is needed in the design and construction 
of foundations to make them safe against unequal settlement. This is of 
first importance and I would like to make it clear that in my opinion 
one of the fundamental causes of failure was in the foundations. 

The most outstanding shortcomings in all building construction is 
that of the lack of proper bracing. Ann increase in the size of columns, 
and a greater use of solid wall sections, as a means of resisting the motion 
of one floor over another, deserves serious consideration. 

Defects were apparent in the amount and kind of reinforcing for 
columns and spandrels, particularly hooping and length of lap, (For 
safety all rods should have hooked ends.) ‘The cross sectional area of 
columns, spandrels and beams were questionable. The size of knee braces 
and soffits were small. There seems to have been a lack of consistent 
effort to minimize weight at the top. Floors, in themselves, generally 
were little damaged, and in some buildings not at all, even though every 
column was either broken or cracked. 

In the execution of work the contractor is confronted with a problem 
to obtain the proper materials for concrete buildings. There are a num- 
ber of cement manufacturers in Japan. Out of the total two of them 
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manufacture a good brand of cement. The brands of these two firms 
will meet the requirements of the American Society for Testing Materials. 

Gravel in the vicinity of Tokyo and Yokohama is pretty fair ma- 
terial. Its supply is abundant, but the methods used for obtaining it 
are pretty crude. In the summer men dig it out of the river by standing 
in water up to their waist, and hoe the material into a screen which they 
pick up in their hands and shake under the water, both washing and 
screening the gravel before depositing it in the boat alongside of 
them. This boat in which the gravel is transported has been pre- 
viously towed up the river by man power, against a rather rapid current, 
a distance of some 5 to 8 miles. After loading the boat floats down the 
river with the current. In the winter the gravel is taken from gravel 
banks out of the water, and you are liable to receive unwashed gravel, 
which, when used, will leave a layer of laitance at the top wherever con- 
crete work is stopped. All construction joints, therefore, are inclined to 
be weak because of this laitance, and the failure of the contractor to 
remove it. 

Sand in the vicinity of Tokyo and Yokohama is not up to our idea of 
quality. It is too fine for good work, it is not sharp, and unless one is 
extremely careful it will have more or less laitance in it on delivery. 
A very excellent grade of sand for concrete purposes may be obtained at 
Osaka, a distance of about 300 miles from Tokyo, but it is difficult to 
convince the average owner in Tokyo and Yokohama that he should pay 
a premium to obtain material with which he can be assured of a good 
grade of work. 

Construction workmen have their own ideas of detail, but can and 
do obtain the same results that we obtain here, conditioned only on their 
being properly instructed and supervised. ‘ 

In the past the Japanese have greatly favored the use of concrete 
building materials because they are able to produce these materials for 
themselves. The earthquake of September 1 has undoubtedly detracted 
from the good standing of the concrete structure in Japan. This is more 
or less a result of self-satisfaction or indifference on the part of those 
interested in the concrete industry. 

While Yokohama and Tokyo have building codes, the codes are not 
adequate for safe building construction. They should have your attention 
in the way of constructive advice towards the improvement of these codes 
to meet the conditions required for safe building. The cement industry 
in general is satisfied to produce a cement, which, when tested, will pass 
the requirements and the specifications of the American Society for Test- 
ing Materials, and in America they supplement this by propaganda con- 
cerning the manner in which cement should be used, the kind of water, 
sand and gravel that is to be used with it, the weather conditions under 
which it shall be placed, all of which are commendable efforts. The pro- 
tection of their own interest, however, requires that they go one step 
further and make it their business to see that the conditions under which 
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cement gets into a completed structure are such as will be a credit rather 
than a liability to the concrete industry. 

Under the social system in Japan up to the present time, the higher 
class Japanese has received technical training, and it is rather detrimental 
to the standing of the higher class to come into close contact with real 
work and dirt. As a result, designs and specifications which may have 
been properly prepared are not checked by the same individual in person 
to see that the design and specification is actually incorporated into the 
work, It is true inspections are made, but they lack the intimate con- 
tact which knows that the thing is being done as it was intended to be 
done. 

Another point in connection with the social system is that the goy- 
ernment officials are in position of supremacy. They are in control of the 
issuance of permits and do inspect plans and specifications. (The average 
Japanese takes his hat off before speaking to a policeman.) 

They fail, however, to’ closely examine the actual construction, for 
the same reasons as stated before. ‘ 

This same social system, while it causes an owner to feel in honor 
bound to prevent a contractor from suffering any actual loss in connection 
with the performance of a contract, also requires the contractor to set 
himself up in a pretty favorable position in order to get consideration in 
case he has bid low for the work. 

The Japanese as an individual is extremely conservative where his 
purse is concerned. His continual endeavor is to find some way to con- 
struct cheaper than others are or may have been doing. This desire has 
a tendency to develop skimped designs, particularly among those who fail 
to appreciate the possibility of disaster by such action. 

Construction work, for the most part, is awarded on a lump sum 
basis, after the severest kind of competition. The work is awarded to 
the low bidder in many cases, and frequently at a price at which the 
work cannot be produced. The contractor immediately endeavors to find 
some means of reducing the cost to permit him to come out whole, and 
frequently does something that is not safe. 

Anyone who is certain he can build real earthquake proof structures 
can make a lot of money by placing himself in position to make his guar- ~ 
antees safe ones for the Japanese to accept. He will thus have no diffi- 
culty in obtaining plenty of business when contracts are supported by 
such guarantees. 

General.—The possibility of a repetition of a “quake” as violent as 
that of September 1 is remote. That it will occur soon is equally remote. 
There is no assurance, however, that the next one will not be much more 
violent than this one. -The question, therefore, arises, can we build 
an entirely safe building; how much will such building cost? 

In my opinion a structure reasonably safe from collapse can be con- 
structed at very little increase in cost, except for foundations. It is 
doubtful if side walls and partitions using existing materials can always 
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be expected to come through unharmed, except considerable expense is used 
in their construction, and then they will be questionable. 

Height of building, at least up to eight stories, apparently is little 
more of a problem, if any, than on heights of two and three stories. 
Reliable men who have experience in designing and in constructing them _ 
are more limited. 

In my opinion a foundation safe within reasonable conditions (bear- 
ing in mind September 1) can be constructed of one of the several types in 
use today, on most any kind of bearing soil, except it be very soft to large 
depth. 

If, however, you have a site to choose, do not select one where differ- 
ent types of foundations will be required, and by all means avoid one 
where fill (or wash) has been laid against. a steep, hard soil or rock. 

Buildings should be designed to have their weight well balanced all 
around the center point. Floor area adds to the safety of the super- 
structure, but detracts from that of the foundation above and below a cer- 
tain point. In general, the height should not exceed the width. Length, 
after you have enough to brace the superstructure, should be limited in 
monolithic and multiple story building. Avoid heavy ornamentation and 
all possible weight, especially near the top. Be certain you have struc- 
tural strength in all directions and good work performed for you. 

Their methods of approaching business are at variance with ours. 
They serve tea and inquire about all of your family as a means of putting 
everybody at ease before undertaking the problem to be discussed and on 
important matters may send you a valuable present. They are extremely 
courteous, and, in general, could give us education along this line. 

Their people possess the same feelings in regard to business integrity, 
pride in accomplishment, good standing among their fellow men, ete., that 
we do. They depend upon these things in business, because their laws 
are less forceful in holding one to the ietter of the law of contracts. 

Conclusion.—I feel my remarks would be incomplete without making 
some statement in regard to Japanese business methods. There are classes 
of people in Japan just as there are in America. Some follow sharp prac- 
tices in their business methods. We were advised to be very careful of 
of ourselves in undertaking business arrangements in Japan. We have en- 
deavored to be careful, but have found that when a Japanese business man 
of standing in Japan has a complete and thorough understanding with you, 
he has the same feeling of responsibility in connection with it that our 
business men of the same kind have. 


BUILDING CODES AND THEIR RELATION TO THE CONCRETE. 
PRODUCTS INDUSTRY. 


By WiLiiAm F, LockHaArpt.* 


Building codes today are among the outstanding problems of the con- 
crete products industry. 

The average building code as at present written fails to prevent the 
manufacture of poor units; does not protect the manufacturer of quality 
products, and falls short of allowing the prospective user of concrete 
products the freedom necessary to enable him to make the most of their 
possibilities for economical and substantial construction. 

Few building codes take cognizance of the enormous strides that 
have been made in the technology and mechanics of concrete products 
manufacture in the last decade. There is no recognition of the improved 
quality of unit which has resulted therefrom. Codes are still written in 
such a way that the manufacture of high-quality products is not com- 
pulsory, and as a natural result onerous restrictions are imposed on 
their use. 

It cannot be denied that poor quality concrete block have been made 
in the past. It should be very clearly understood, however, that under no 
conditions need anything but the very highest grade of block be made 
today. Where the contrary condition exists it is directly the fault of a 
weak or antiquated building ordinance, or the absence of any ordinance. 


Primarily, the reason for poor products lay in the fact that theoret- 
ically, at least, concrete block could be made by any man with sufficient 
capital to buy a flimsy hand machine from a mail-order house. For entry 
into concrete products manufacture, prerequisites in the shape of capital 
and technical and business ability have been unnecessary. 

As a logical consequence, block were made in such small quantities 
that in a pinch the only practicable economy was that of still further 
reducing the cement content. Uncertain hand methods of manufacture 
added a further element of doubt. That enough water could be used in 
the mix to properly hydrate the cement and curing after manufacture to 
overcome this deficiency was unthought of. 

The unit itself, pasty-faced and dull, was molded into panel or imi- 
tation rock-faced form which precluded its use for anything but exposed 
work and made it anathema to architect and discriminating builder alike. 

Today the concrete structural unit is being offered for the straight 
utilitarian purposes for which it is best adapted, namely, for load-bearing 
and back-up work, where common brick are used, and as the best possible 


* Portland Cement Association, New York City. 
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base for portland cement stucco. It no longer attempts to masquerade as 
something that it is not. 

The advent of high-production machinery and a lighter and smaller 
type of unit have both combined to bring into the field men of capital who 
have both the business and technical ability to conduct their operations 
on the highest plane. They are compelled, if for no other reason than to 
safeguard their heavy investment, to make only a reputable, high-grade 
product of consistent excellence. ‘Their manufacturing operations are de- 
signed to give the best results; they are making use of the latest data 
available on the effect of the grading of their aggregates; on the influence 
of proportions, amount of mixing water used, time of mixing, length and 
time of curing, and so on indefinitely. 

The result is that the concrete building unit made in a modern plant 
is almost unique among structural materials in that its quality is com- 
pletely under the control of the manufacturer. The older and long ac- 
cepted masonry units cannot approach the properly made concrete block, 
brick or tile in this respect. A moment’s thought will show that under the 
conditions mentioned above the concrete unit is made by combining a defi- 
nite amount of portland cement and a predetermined quantity of aggre- 
gates. <A fixed amount of mixing water is added and the batch mixed 
for a certain length of time in a machine operating at a fixed speed. The 
manufacturing machinery is semi- or full-automatic, subjecting the con- 
crete to a definite number of tamping or compressing blows, after which 
it is cured for 24 to 36 hours in moist steam or under a water spray at 
a fixed temperature. Possibly not all plants combine all of these methods, 
but they are so closely followed that a constant quality can be maintained 
commercially. 

But building codes, by and large, are still predicated upon the assump- 
tion that only the hand-made product is in the market. They allow the 
Building Inspector little if any latitude in interpretation. 

The Building Inspector in the average small or medium-sized city is 
almost without exception earnestly conscientious in his application of the 
Code under which he works. As a rule, however, he is not a trained engi- 
neer. Most frequently he is a former carpenter or mason contractor of 
the old school who looks upon the concrete building unit with misgiving, 
having in mind the many dubious products he has seen. Unless a modern 
plant happens to be located in his immediate vicinity it is quite probable 
that he has no idea of the extent to which the industry has progressed, 
and not the faintest conception of the fact that good concrete products are 
no longer manufactured by rule-of-thumb, but are the result of a closely 
controled manufacturing operation comparable to that required for the 
manufacture of other standardized articles. 

Without this knowledge on his part the community and industry 
suffer. The code as written gives him but limited power at best in dealing 
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with concrete block; frequently concrete block are not mentioned at all and 
therefore cannot be allowed. Perhaps he would like to have tests made on 
suspicious cases, but where are funds to come from when his own office is 
frequently only a part time one and his stipend held down to perhaps 
$500 per annum? q 

If there develops in his own town sufficient demand for block, or if 
a plant is started nearby under aggressive management, however, then 
comes a time when one of two things happens: In trying to sell some big 
job the reputable manufacturer either runs afoul of some antiquated ruling 
in the Code and finds his product barred, or he finds this job taken away 
from him by one or more fly-by-night operators who can undersell him by 
making an inferior product. 

Both cases are serious. The first is a curtailment of what should be 
a legitimate outlet; the second is, if anything, worse. Allowed to continue 
unrestricted, the manufacture and sale of inferior block will arouse or 
maintain such a prejudice against the concrete unit that not only will the 
market be curtailed—it will automatically be eliminated altogether, the 
good and bad suffering alike. 

A movement for building code revision is then started. If successful, 
a committee is appointed consisting of the Building Inspector and three or 
four local business men, and after the usual preliminaries the actual work 
of preparing the new code falls to the Building Inspector. When the draft 
is completed it is usually submitted to one or two or three disinterested 
technical organizations for criticism and suggestion. It is checked for 
compliance with standard building code features,—allowable stresses and 
loads, fire protection, public safety, etc., and, if satisfactory, returned with 
such comment as may be necessary. . 

Concrete building units are generally passed by with the same mental 
picture as that held by the Inspector and as long as two or three time- 
honored limitations on their use are included they are given no further. 
thought. In a few cases self-styled “Building Code Experts” are retained 
to write a new code, which is not infrequently even less satisfactory all 
around. They have less opportunity than the Building Inspector for find- 
ing out just what progress has been made in that locality in products 
manufacture, so that if concrete block are mentioned at all, they are dis- 
posed of by copying verbatim pertinent paragraphs from some older and 
less progressive ordinance than is required to meet modern conditions. 

For these reasons it is important that the products manufacturer 
maintain the closest possible contact with the work of code revision. Re- 
gardless of how favorable at the start some of the members of the com- 
mittee may seem to be, they cannot forget that he is an interested party, 
presumably biased in favor of his own product, and that in the last analysis 
they are not technical men, capable of passing upon the fine points that he 
raises. They are more than likely to subordinate their views to the rec- 
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ommendations of outside authorities unless an intimate contact can be 
maintained to answer questions and present evidence while their opinions 
are still in a formative stage. After the tentative draft has been published 
it is too late to do this work effectively. When a man has finally com- 
mitted himself publicly to a certain course of action he is naturally bound 
to defend it, so that if he is contrary minded his point of view must be 
changed, if possible, before he has had a chance to commit himself by 
allowing his name to be published as one of the sponsors of the new 
legislation. 
Because most building codes are modelled along fairly definite lines 
_—if not at first, at least after they have been through a process of criti- 
cism and review by some authority—it is usual to find in them certain 
restrictive clauses that are founded on erroneous assumptions, omission 
of necessary sections relating to the control of quality, ete., with regard 
to which the manufacturer and Building Inspector should have the fullest 
information. The review of these section’ and the setting forth of such 
data as is available is the purpose of the second section of this paper. 


AR Tale 


Probably the most satisfactory method of handling concrete building 
block and tile in a building code is to devote a section of the code to them 
alone. This method was followed in Camden, N. J., in an ordinance adopted 
Sept. 28, 1922, and in Schenectady, N. Y., in July, 1923, for example. 

Such a section can contain all clauses relating to the manufacture, 
sale and use of block, greatly facilitating reference and use. To assist in 
getting it adopted where it is found possible to get new regulations relat- 
ing to concrete products it is recommended that it be self-contained, thus 
rendering it independent of other sections of the code. 

The concrete products section may then be sub-divided somewhat as 
follows: 

1. Introduction 

2. Materials 

3. Proportions 

4, Tests Required 

5. Methods for Making Tests 
6. Standards of Quality 

i. Use 

8. Working Stresses 

9. Thickness and Height of Walls 
10. Party Walls 

11. Construction 

12. Licensing 

13. Identification 

14. Penalty 


An ordinance adopted and actually in force in two cities has passed 
the stage of theory. The code adopted by Camden, N. J., was accepted 
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only after a very careful study of all factors relating to the manufacture 
and use of block, including the necessity of curbing manufacturers who 
had been making inferior block, or shipping what would have been good 
block, at too early an age. As there was a definite reason back of every 
paragraph in this code which would apply with equal force in other com- 
munities it will be reviewed briefly by sections. 


AN ORDINANCE REGULATING THE MANUFACTURE AND 
SALE OF CONCRETE BLOCK AND CONCRETE STRUC- 
TURAL TILE FOR BEARING WALLS AND 
PIERS IN CAMDEN, N. J. 


(Adopted Sept. 28, 1922.) 


Section 1. Be it ordained by the City Council of the City of 
Camden, N. J., that building units, such as concrete block and 
structural tile which shall be sold for use in bearing walls and 
piers erected in the City of Camden, N. J., shall be made from 
portland cement and suitable aggregate and shall be classed as con- 
crete block and shall comply with the requirements of this ordi- 
nance, hereafter stated. 

MATERIALS. 

Section 2. 

(a) Portland cement shall conform to the standard specifica- 
tions of the American Society for Testing Materials,* (1315 Spruce 
Street, Philadelphia). 

(b) All fine and coarse aggregate shall be clean and free from 
deleterious substances. 

(c) Fine aggregate must consist of sand, gravel, crushed stone, 
crushed blast furnace slag, steam boiler cinders or other equivalent 
material suitably graded from fine to coarse and which will pass, 
when dry, through a screen having openings one-fourth of an inch 
in diameter. 

(d) Coarse aggregate must consist of gravel, crushed stone, 
crushed blast furnace slag, steam boiler cinders or other equivalent 
material which, when dry, is retained on a screen having openings 
one-fourth of an inch in diameter and which will pass through a 
screen having openings three-fourths of an inch in diameter. 


The most important features of these sections is that they give a 
very comprehénsive definition for fine and coarse aggregates, comprising 
all the commonly used materials. Crushed blast furnace slag has been 
made the subject of exhaustive tests by the Bureau of Standards at Wash- 
ington and found to be entirely satisfactory, the strengths running about 
the same as for crushed stone in most cases. 


*Standard Specifications and Tests for Portland Cement, adopted Jan. 1, 
1917, with amendments effective Jan. 1, 1921. 
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Cinder block have been in use for over twenty years in some parts of 
the country and have been extensively used during the last seven years in 
the cities of Philadelphia, New York, Buffalo, Rochester, N. Y., Albany, 
Camden, N. J., New Kensington, Pa., etc. They have been tested and 
approved by the Underwriters Laboratories, Inc., with a rating of 21% hr. 
as a fire retardant, for an 8-in. block wall, unplastered. 


PROPORTIONS. 

Section 3. 

(a) Materials for concrete block shall be so proportioned that 
the block shall meet the requirements of the compression and 
absorption tests hereinafter specified. 

(b) Hydrated lime may be added to the mixture not to exceed 
10 per cent of the volume of the cement used. 


It is obvious that the efficiency of~manufacturing methods has a de- 
cided bearing upon the amount of cement needed in any mix to attain a 
given strength. Higher pressure or heavier tamping will give a stronger 
block than can be obtained under inefficient hand methods with a richer 
mix. Grading of aggregate, length of mixing, control of mixing water, 
etc., all affect the strength of concrete aside from the quantity of cement 
used. If acceptance is conditional upon obtaining a certain strength, the 
manufacturer should be left free to get that strength by any mix that he 
can maintain consistently. 


TESTS RECORDS. ; 
Section 4. 
(a) Conerete block shall be subjected to the following tests 
before their use is approved by the Building Department. 
(b) Compression—All concrete block intended for use in bear- 
ing walls and piers, shall be subjected to a compression test. 
(c) Absorption—Concrete block shall be subjected to an absorp- 


tion test. 


METHODS FOR MAKING TESTS. 

Section 5. 

(a) For these tests at least three samples shall be selected at 
random from manufacturer’s stock or from block delivered to job, 
by a representative of the Building Department. The samples shall 
be of the regular size as used in construction and must be marked 
for identification. In case of failure of first three specimens to 
meet requirements, three more specimens shall be taken and the 
test repeated. The second test shall be final. 

(b) These tests shall be made in a testing laboratory of rec- 
ognized standing, in accordance with standard methods prescribed 
by American Concrete Institute.* All tests shall be made at the 
expense of the manufacturer, dealer or selling agency. 


*Standard Specifications for Concrete Building Block and Concrete Building 
Tile, American Concrete Institute, 1807 Hast Grand Blvd., Detroit, Michigan. 


BuILpING CopgEs. DO. 


(ec) The Building Inspector shall require, at least every four 
months, a certificate of test of product made by every manufac- 
turer and selected by a representative of the Building Department. 
The Building Inspector may require additional tests to be made 
on samples selected by him whenever, in his opinion, there is doubt 
as to whether the product meets the standards prescribed by these 
regulations. 


Paragraph (a) provides reasonable assurance against.the manufacture 
of special block for test purposes by providing that block may be taken 
from stock delivered to job. 

By specifying that all tests shall be made at the expense of the manu- 
facturer, etc., the Building Inspector is relieved of the necessity of includ- 
ing in his budget each year an appropriation for the testing of block. He 
is under this provision left free to make tests at least three times per 
year and oftener if conditions warrant. The cost of testing need not be 
burdensome to the manufacturer, as most schools and laboratories having 
the necessary testing equipment are more than glad to co-operate in any 
work that will raise the standard of quality in construction work. In 
several Eastern cities for example the local colleges have made a special 
flat rate of $5.00 to cover a series of five compression and two absorption 
tests, when made by manufacturers or manufacturers’ associations for the 
purpose of improving quality, subject to the condition that all block to be 
tested be delivered at one time, so that the tests could be made with one 
set-up of the machine. 


STANDARD OF QUALITY. 

Section 6. 

(a) The ultimate compressive strength of hollow and two-piece 
block at 28 days or when delivered to site, as determined by three 
test specimens, must average 750 pounds per square inch on the 
gross cross sectional area of the block as designed to be used in wall 
and must not fall below 650 pounds per square inch in any test. 

(b) The ultimate compressive strength of three test samples of 
solid concrete block shall be not less than 1200 pounds per square 
inch of gross cross sectional area. 

(ec) The absorption test will be made upon the specimens be- 
fore they are used for the compression test. 

(d) The absorption of three test samples when dried to a con- 
stant weight at a temperature between 225 and 250 degrees Fahren- 
heit and placed in clean water with the top surface exposed to the 
air for a period of 48 hours, shall not exceed 124% pounds per cubic 
foot of concrete (actual volume) contained in any block. 


While the A. C. I. standards classify block for four purposes with 
four corresponding strengths such a separation is out of the question in 
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the average building code for small or medium-sized cities. The Building 
Inspector will in all likelihood say that he has enough trouble (if he at- 
tempts to enforce a quality standard code) without adding the complica- 
tion of three additional permissible grades. Such an arrangement is un- 
doubtedly desirable in large cities where it is desirable to allow quality 
manufacturers the widest scope for the sale of high grade units, but in the 
small town one grade is all that can be practicably maintained. 

The N. Y. City and the N. B. F. U. Codes call for 750 lb. per sq. in. 
gross area, while other codes go 50 lb. lower or higher, but the general 
average is in the neighborhood of 750 lb., with a safety factor of 10 giving 
a working stress of 75 lb. per sq. in. gross area. 

Following the N. Y. and many other codes the strength provision gen- 
erally reads somewhat as follows: “Compressive strength per sq. in. gross 
area shall be not less than 750 lb. when tested with the cells vertical, 
and 300 lb. when tested with the cells horizontal.” 

This two-fold test arises largely from the fact that in many localities 
hollow clay units are made with a 12x12 in. face as seen after being laid 
in the wall, so that they may with equal facility be laid in two positions. 
Their strength is greatest when laid with the cells vertical, but on account 
of the narrow mortar bed thus afforded, the average mechanic will prefer 
to lay them on their side at a sacrifice of strength in the wall. Concrete 
units have usually an 8 x 16 in. or a 5x 12 in. face and therefore are rarely 
if ever laid any other way than as intended—with the cells vertical. For 
such special types of unit as are intended to be laid with the cells hori- 
zontal there is no reason for reducing the strength requirement. Such 
paragraphs should therefore read as given in the Camden Code, Section 6, 
of this report. 

A two-story masonry dwelling will impose loads averaging about 25 
Ib. per sq. in. on the foundation course. A four-story warehouse 40 ft. 
high, uniformly loaded over a 20 ft. span to 125 Ib. per sq. in. on all 
floors, will not attain the allowable 75 lb. per sq. in. on the flooring course, 
even if an 8 in. wall were used. The concrete block wall therefore has 
ample strength to carry any loads that might be Taperes upon it within 
the limits of height for which it can be used. 

This strength requirement is the only logical basis upon which to 
admit hollow structural units. Attempts to achieve the same end by the 
more complicated means of restricting the web thickness, specifying the 
mix or the strength per sq. in. of net section serve no purpose other than 
to make it difficult to establish a standard of comparison between different 
units and different codes. 

Absorption.—The maximum allowable absorption for concrete build- 
ing units usually coincides, approximately at least, with the minimum for 
clay products. Medium hard clay brick under the specification of the 
American Society for Testing Materials may absorb between 12 and 20 per 
cent and not to exceed 24 per cent for example. 

The purpose of leaving the upper face of the block or tile exposed 
when making the absorption test is to permit the escape of the air in 
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concrete, which would otherwise be held in the concrete were the block 
completely submerged. 

The criticism is rightly made that this immersion test is not com- 
parable to any requirement in actual practice. It has been suggested that 
the unit to be tested be set in a pan containing 1% in. of water, instead of 
being almost completely immersed. Its capacity for absorption, or capil- 
larity, will then be shown by the extent to which the water in which it is 
set is drawn up into the unit. 

When the block is immersed, the test really becomes one of water 
carrying capacity rather than actual absorption, such as would draw mois- 
ture through a wall. Cinder block, with relatively large pores, will often 
carry more water in such a test than will a sand block, yet because the 
large pores reduce capillary action under normal exposure in the wall, 
there is often less likelihood of moisture being drawn through the block to 
the inner face of the wall. In many places where cinder block have been 
used for years without protective covering of any kind the walls remain 
perfectly dry on the inner face during prolonged rains. 

It should be further borne in mind in setting absorption limits that 10 
per cent allowable absorption based on the weight of the block is approxi- 
mately 5 lb. of water in the case of sand block, while a cinder block of 
exactly the same size and type, because of its lower weight (30 lb. instead 
of 50.1b.), would be allowed only 3 Ib. absorption. This is manifestly un- 
fair to the cinder unit. 

The method adopted in the Camden code avoids having to specify dif- 
ferent absorption percentages for different aggregates. Sand concrete used 
for the manufacture of concrete building units will weigh about 125 lb. 
per cu. ft., on which basis 10 per cent absorption would be 12% lb. The 
allowable absorption is therefore set in pounds of water per cubic foot of 
concrete contained in the block, regardless of the weight of the block or 
the aggregate used. 

In the proposed standard specifications of the American Concrete In- 
stitute for concrete building block and tile a formula is given to correct 
for this variation in weight as follows: 

“Concrete block and tile shall not absorb more than ten per cent of 
the dry weight of the unit when tested as hereinafter specified, except 
when it is made of concrete weighing less than 140 lb. per cu. ft. For 
block or tile made with concrete weighing less than 140 lb. per cu. ft., the 
absorption in per cent by weight shall not be more than 10 multiplied by 
140 and divided by the unit weight per cubic foot of the concrete under 
consideration.” 


USE. 

Section 7. 

Concrete building block which have the approval of the Building 
Department may be used for buildings wherever solid masonry is 
permitted by this Code, subject to all the limitations required for 
solid masonry and subject to the allowable working stresses and 
provisions of this Code. 
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WORKING STRESSES. 

Section 8. 

(a) The maximum allowable working stress for masonry walls, 
piers and pilasters of hollow concrete block or tile shall not exceed 
1/10 of the average crushing strength of the block when laid in lime- 

- cement mortar and shall not exceed 1% of the average crushing 
strength of the block when laid in portland cement mortar. 

(b) The maximum allowable working stress for solid walls, 
piers and pilasters of solid concrete block shall not exceed Y of 
the average crushing strength of the block when laid in portland 
cement mortar. 

(c) Where the height of piers between lateral supports ex- 
ceeds five times the least lateral dimension, the maximum allowable 
working stress shall be the reduced unit stress obtained by the use 
of this formula: The quotient obtained by dividing the height of 
the pier in feet by twenty, times the least horizontal dimension in 
feet, shall be subtracted from 1.25 and the remainder multiplied by 
the maximum allowable working stress per square inch as given in 
paragraph (a) of this section. : 


THICKNESS AND HEIGHT OF WALLS. 


Section 9. 

(a) For residences or dwelling houses, the following table shall 
determine the minimum thickness of superstructure of concrete hol- 
low block or tile: 


No. of 

Stories Basement Ist Story 2ndStory 3rd Story 
1 12” a” 
2 12” eh! Sf 
3 16” 12” S% 8” 


(b) In no case, however, shall the total height of any bearing 

wall of hollow concrete block or tile in any building exceed 40 feet. 

Allowable Height of Structwre.—Codes are often written to read: 3. 

Limitation. “Walls of hollow building blocks shall not be used in build- 
ings over forty feet in height, etc.” 

This in many instances has worked a hardship to all concerned where 
the height of the building was just over 40 ft. This particular require- 
ment is one that probably cannot be completely overturned at the present 
time, and yet is one that should be interpreted rather liberally, in the light 
of the rec>™ for this limitation. 

The height of a ~7all built of hollow units is restricted not because 
of any lack of strength tu carry direct leads but because of two things: 
(a) The fact that most hollow units subjected to a fire on one side will 
suffer a shear through the transverse or connecting webs immediately back 
of the heated face, by reason of unequal expansion, and (b) The lighter 
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weight of hollow walls which implies a decreased resistance to overturning 
as a result of the lateral thrust of falling beams in a fire. 

With regard to (a) Cinder and limestone aggregates are less affected 
by exposure to fire than quartz concretes and hollow clay units. Certain 
cinder concrete block, it is interesting to note, have been passed by the 
Underwriters Laboratories, Inc., and seem to be remarkably free from this 
shearing action, coming through the standard Underwriters fire tests with 
strength very little impaired. Other intensive tests on blocks made of 
various aggregates have been conducted by the Underwriters Laboratories, 
and a report will be forthcoming shortly. How this shear through the 
transverse webs of a block or tile affects the ability of a wall to carry its 
load has not as yet been made the subject of investigation, but because 
of the splendid bond developed between concrete building units and the 
cement mortar in which they are laid, it should be higher than for other 
hollow wall units. 

Concerning (b), this view of the underwriter is based on the results 
of a study of the attitude of fire chiefs the country over and must be 
accepted, even though the expression of opinion is by no means unanimous. 
Where a fire resisting floor construction is used, however, this argument 
loses considerable force. 

. Many codes accept hollow walis for four story buildings and it would 
seem desirable, where possible, to make the number of stories the basis for 
limitation, rather than the actual height in feet. It is generally agreed 
that though it may seem desirable to limit the height of the hollow block 
section of a wall, there should be no objection to allowing the builder to 
use hollow block or tile construction if the building happens to be between 
forty and say, forty-five feet in height, just as long as he does not run 
over four stories. As an alternate he may be allowed to use up to say 
five feet of brickwork on top of the foundation in order that the hollow 
section of the wall may not exceed the prescribed 40 ft. limit. 

Such a paragraph might be worded as follows: “Hollow building 
blocks of concrete may be used for all walls of buildings not exceeding four 
stories or 45 ft. in height, provided, however, that the hollow concrete 
block section of such walls shall not exceed 40 ft. in height. The mini- 
mum thickness of such walls shall be as required for brick walls.” 

A table of thicknesses for hollow block walls for four-story buildings 
(dwellings) would run about as follows: 


TOUR BOY See abacae coanomon oe uu cu obo 16 in. 
SHR SC OLY gieetae ets tovers crete teed hte as eveacten s,s iG eee 
PAG AKO, crip ach DAN Ae 5.0.0 Dod OUiacaorc ince 
Bil SHWKOMY on nig adie cits tip ceo a. dic, eo Sia 
LEI SSIOVNE oc. men oa Lib cc pe COE OOnmae ao Ss 


This follows the same arrangement as the Camden code. With the 
four floors framing into the wall in less than forty-five feet of height the 
wall should be quite rigid. 
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PARTY WALLS. 

Section 10. 

(a) The minimum thickness of party or division walls of hol- 
low building tile or hollow concrete block or of hollow wall construc- 
tion shall be 8 in. for spans not exceeding 18 feet and 12 inches for 
‘spans not exceeding 24 ft. 

(b) Hollow building tile or hollow concrete block in a party 
or division wall may be broken into for the insertion of building 
members; such members, however, must not butt, but must be stag- 
gered. 


Concrete block make very economical and satisfactory division and 
party walls for row construction, 12 in. hollow block being accepted for 
this purpose in the Department of Commerce Building Code. It is recom- 
mended that the bearing course be filled solidly, as well as the space be- 
tween the beams, and the course above. Joists framing into opposite sides 
of party walls should be separated by at least 4 in. of masonry. 

There is a point not covered in the Camden code that is frequently 
found under the sections relating to reinforced-concrete frame and steel 
frame construction. We refer to curtain, or panel, walls in such buildings. 

In the larger cities where a skeleton form of construction is used with 
the curtain or panel walls supported on beams at each floor, terra cotta 
block are commonly accepted for backup, but no provision is made to 
accept concrete units for this purpose. In new codes the wording should 
be such that concrete building units are admitted wherever clay products 
are. The only reason they have not been so used in the past has been the 
limited output with resulting high cost. Where a sufficient volume of out- 
put has been attained they have been immediately used for all types of 
construction, as in Detroit, where they are regularly used for backing up 
brick veneer in skyscraper work. 

Panel walls are frequently required to be 12 in. thick. Such walls 
only serve to keep out the weather, however, and in some cases 60 per 
cent of the area between columns is nothing more substantial than glass. 
Where 8 in. construction is accepted for bearing walls for two story dwell- 
ings there can be no valid objection to the use of 8 in. non-bearing panel 
walls. Furthermore, the second Hoover Committee report, issued in tenta- 
tive form on Sept. 1, 1923, under the title of “Recommended Minimum Re- 
quirements for Masonry Wall Construction,” specifically recommends 8-inch 
masonry panel walls of material such as hollow concrete block, brick, clay 
tile, ete. 


CONST RUOTION. 

Section 11. 

(a) All concrete block shall be laid in portland cement mortar 
as defined in this ordinance with vertical joints broken, and with 
all courses thoroughly bonded. All masonry facing of concrete blocks 
shall be bonded to the backing as required for the kind of facing 
used. 
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(b) All masonry backing of hollow or solid concrete blocks 
shall be bonded to the facing as required for the kind of facing 
used. 

(c) Whenever concrete block is to be covered with stucco or 
plaster, the surfaces to receive same shall be roughened, or joints 
struck off roughly and not pointed. 

(d) All bearings on hollow or solid concrete block construc- 
tion shall be not less than four inches. Where vertical cell con- 
struction is used the load shall be distributed by means of metal or 
masonry bearing plates of sufficient thickness to distribute the im- 
posed load or the supporting course filled with concrete; or other 
equivalent method of construction may be used. 

(e) Wherever a change occurs in the thickness of walls or 
piers of hollow concrete blocks laid with the cells vertical, unless 
the webs and shells are properly superimposed, the bearing loads 
shall be distributed upon the wall below by means of metal or 
masonry bearing plates or the supporting course be made of solid 
block, or other equivalent method of construction may be used. 


In dealing with the subject of “Construction” there are several prac- 
tices commonly required that are wasteful because they add to the cost of 
construction without yielding any commensurate return to the owner. 

One of these is the requirement relating to the filling of hollow concrete 
block foundations. Many codes contain a provision that hollow concrete buil4- 
ing block must be filled with concrete when used for foundations. This is 
chiefly with the idea that the added weight is necessary to resist earth pres- 
sure. Hollow block foundations are accepted in many cities, where they in- 
variably stand up and give good satisfaction. In some cases the thought 
is to assist in making a watertight wall, but it seems to be a poorly chosen 
means to that end. In dry sandy soil, such provision is not needed if the 
block are properly laid. In wet soils or where there is ground water, fill- 
ing the block is not enough to compensate for possible deficiencies of work- 
manship. The usual practice in trenching and laying drain tile should be 
followed and a plaster coat of cement mortar applied to the outer face of 
the wall, with a paint coat of some asphaltic or bituminous compound 
applied before backfilling, if necessary, the same as with any other type 
of masonry below grade. 

It is common practice to require 12 in. walls to grade. This also 
appears to have its roots in the questions of strengt’ and water resistance 
mentioned above and to be subject to the same criticisms. Except for 

cellars of unusual depth and length between cross walls, say over six feet 
below grade, and more than forty feet between cross walls or buttresses, 
8 in. block have given satisfaction. 

Unintelligent restrictions calling for uniformly heavier construction 
than is required for the average case only add an unnecessary burden on 
the construction industry. Special cases should be recognized and handled 


as such. 
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LICENSING. 

Section 12. 

Every manufacturer of such tile or concrete block, selling 
agency or dealer therein must secure license for the manufacture or 
sale for use for building purposes for such block or tile in the City 
of Camden, N. J., for which license there shall be paid to the Build- 
ing Inspector for the use of the City, a license fee at the rate of 
$50 per annum or for any part of any calendar year. All such 
licenses shall expire on December 31st of each year. Said license 
shall be granted as soon as certificate of test has been obtained and 
approved by the Building Inspector showing that the concrete 
block proposed to be sold have met the requirements of this ordi- 
nance. The name of the firm or corporation and its responsible 
officers making application for such license must be placed on file 
with the Building Inspector before any such license shall be issued. 
All changes in ownership or management of any license must be 
reported in writing within 5 days thereafter to the Building In- 
spector. In case of such change any such license may be transferred 
by the Inspector on the payment of a transfer fee of $3. 


IDENTIFICATION. 

Section 13. 

A mark of identification shall be impressed on every block to 
be manufactured, sold or used in the City of Camden by the maker 
or dealer thereof, before said block leaves the yard or salesroom of 
the maker or dealer. A copy of the mark shall be filed with and 
approved by the Building Inspector prior to the issue of any license 
hereinunder. 

PENALTY. 

Section 14. 

(a) Any person, firm or corporation violating the terms of 
this ordinance by manufacturing or selling or using concrete block 
which do not carry an identification mark, or which have not been 
licensed shall pay a fine of $25 and the costs of prosecution for 
each offense. In case such person, firm or corporation shall violate 
the terms of this section of this ordinance, the Building Inspector 
shall forthwith give notice to such offender to remove such block 
and each day and any part of every day such block remain, after 
the service of any such notice shall be taken and considered and 
construed to be a separate and distinct violation of this ordinance 
for which such offender violating same shall pay a fine of $25 and 
the costs of prosecution. 

(b) Manufacturer will be held responsible for seeing that block 
are not delivered to the job until they are 28 days old and have 
attained the strength specified hereinabove. 

(c) If samples of block taken after license has been granted 


, 
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fail to meet the compression and absorption tests as hereinbefore 
set forth, the penalty for failure to meet the requirements of this 
Code shall be, for the first failure, a fine of $100; for the second 
failure, a fine of $200; and for the third failure, suspension of 
license to manufacture or sell in the City of Camden for a period 
of one calendar year from the date of such failure. 


(d) In addition to the penalties above provided, in case any 
licensee hereunder shall violate any of the terms of this ordinance, 
any such violation shall be good cause for the revocation of such 
license. Any such license may be revoked for any such violation 
after notice and on hearing before the Building Commission. 

The Building Inspector, in any such case, shall prefer and sign 
the charges and give the necessary notice whenever in his judgment 
any such license should be revoked for the violation of any of the 
terms of this ordinance. It shall be the duty of the Building In- 
spector and of his assistants, from time to time, to inspect all con- 
crete block manufactured or used in the City of Camden, and to 
report monthly to the Building Commission any violation of this 
ordinance. 


Note oN CAMDEN BLOCK AND TILE ORDINANCE.—Paragraph (a) 
in Section 11 of the above ordinance states that all block must be 
laid in portland cement mortar. Paragraph (a) of Section 8, how- 
ever, specifies a working stress for block laid in lime-cement mortar. 
Where it is desired to permit the use of portland cement mortar 
only, Section 8 should be changed accordingly. If lime-cement 
mortar is to be permitted, Section 11 should be changed, and lime- 
cement mortar should be defined as mortar containing one part of 
portland cement and one part of lime to not more than six parts of 
fine aggregate, all proportions to be by volume. 


In view of the fact that manufacturers of other building material are 
not required to be licensed there may be complaint at times from the 
products manufacturer that his industry is being discriminated against. 
It may be that from some standpoints the practice is indefensible. On 
the other hand it must be admitted that it is possible for the fly-by-night 
operator to make a poor product unless there exists the power to curb 
him, while under such an arrangement the reputable manufacturer gains 
by being able to advertise that his is the only mason material manufac- 
tured to conform to standard specifications under building department 
supervision. . 

The periodical tests are made at his expense and the reports are 
therefore his property. They should be the basis of his selling effort. A 
license fee will not bankrupt him, while it will serve to deter the adven- 
turer, as does the requirement for testing, if properly administered. 
Finally, to be effective, such an ordinance must have teeth, and sharp 
teeth at that. 
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While there may be a division of opinion as to how far a code can 
rightfully go in the matters of licensing fees, test requirements and pen- 
alties, the Camden code represents a carefully thought out effort to make 
a worth-while structural unit available for the reduction of building costs 
on a basis.which would allow the honest manufacturer the utmost free- 
dom from petty restrictions, while at the same time retaining the power 
to check instantly any manufacturer who might attempt to market an 
inferior product. 

There is nothing inherently mystifying about the process of getting 
good concrete building units. Nor can it be assumed for a moment that 
the majority of products manufacturers need watching. But it is entirely 
possible to make a poor product if a manufacturer so wills it, and to 
prevent this the reputable manufacturer can well afford to take the posi- 
tion of supporting a strictly quality code. 

It cannot hurt him, and should help him, and if by ensuring that 
only products of the highest quality can be made he can get them approved 
in return for a wider range of uses his market is immeasurably broadened 
and the industry as a whole correspondingly helped. 


Tur RELATION BETWEEN THE WALL THICKNESS AND DIAMETER 
oF CoNCRETE CuLverT Pirpz ror Higuway Usr. 


By G. W. Hurcurnson.* 


The manufacture of concrete culvert pipe appears to be an easy task. 
On the contrary, it is a matter which requires considerable study if an 
economic product is to be secured and also is one in which continual im- 
provement is possible. 


The control of detail in making concrete culvert pipe is more exact- 
ing than that ordinarily exercised in large concrete structures such as 
buildings, bridges or highways, but cannot be expected to comply with the 
demands of laboratory procedure. The practice in general, however, should 
lean toward the laboratory control basis, as concrete placed under field 
conditions varies too much in quality to allow culvert pipe made from it 
to be within a fair margin of uniformity. There are several methods of 
producing a culvert pipe having a high crushing strength, but the manu- 
facturer who does this economically must consider and take advantage of 
certain parts of all methods. Such methods do not dwell entirely upon the 
purchasing of so-called first-class commercial materials, but cover every 
detail from the intelligent selection of each material, the consistency ot 
the mixture, the time of mixing, to the placing and curing of the concrete. 


Assuming that the method used in manufacture is one by which a 
uniform concrete is secured, it is necessary to have information regarding 
the necessary wall thicknesses for culvert pipe of different diameters in 
order that the ultimate crushing strength of the pipe will be proportional 
to the load it is required to carry in the field. With a uniform concrete, 
the wall thickness is the governing factor in producing an assortment of 
different diameters of pipe to meet a specification requiring a crushing 
strength proportional to the diameter of the pipe, usually expressed in 
pounds per linear foot multiplied by the inside diameter of the pipe in feet. 

A typical curve showing the crushing strength of different sizes of 
culvert pipe having the wall thickness usually required for highway work 
is shown in Fig. 2. This represents an average of tests made on concrete 


pipe from ten different pipe manufacturers. 


* Formerly Assistant Engineer, North Carolina State Highway Commission. 
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An example of the difference in crushing strength of the specimens due 
to variation in the materials and manufacture is given as follows: 


Mean 
Variation 
Diameter of Pipe, in. from Average, 

per cent. 

1 Es ee eee ere are Ee erro 1 cara ccc Cadi ocnam orgtd wb A < 19 

a ee haere erent OTN oo TIS oie odie OS 0 oc at ow 24 

Py ae EEE end ee RR ste woh che ous oad e Wiaseeo OL Sr 28 

5 Se ee eer Sam Mash oh as Sanmog coma oe 25 


The result of these tests indicated so much variation in crushing 
strength, either above or below the usual specifications, that a laboratory 
investigation was carried on to determine how much of this variation was 
due to manufacture and to determine if the requirement for wall thick- 
nesses specified for the different diameters was consistent with that which 
would be necessary to produce a given crushing strength on the foot-diame- 
ter basis. 

The series included in this paper deals entirely with the relation of 
wall thickness to the diameter of the pipe. No work on the value of rein- 
forcement is included and the results given are for pipe with plain con- 
crete walls. 

The investigation consisted of tests of about ninety pieces of culvert 
pipe. They were cast in special molds conforming to the diameter and 
wall thickness given and were made in one foot sections. The results in 
general are the average of three or four specimens (Table 1). The result 
of the tests of the 36 in. pipe with a 5 in. wall thickness will be found to 
be apparently erratic. This is probably due to there being but two speci- 
mens for an average, and it will be noted in Fig. 5 that the value on the 
curve including this result is taken as an average between the actual result 
and the one obtained by prolonging the curve in Fig. 4. 


Ten specimens were made each day. The investigation was laid out 
so that the results of one day’s work would interlock (see Fig. 1) with 
the rest of the series. The original program called for one hundred pieces 
or ten days’ mixing, but on account of a shortage of cement, set aside for 
this investigation, it was only possible to make specimens from nine days’ 
mixing. Several pieces were fractured while being removed from the molds 
which allowed only an average of two or three pieces in these cases. 

The concrete was mixed in a machine mixer and a batch of the same 
size was used for all specimens so as to eliminate any variation in the 
quality of the concrete due to changes in the size of the batch. 


i 


MIXING DAY NUMBER - 
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CHART SHOWING ORDER OF HAKING EXPERIMENTAL SECTIONS OF CONCRETE PIPE 
FIG. 1.—CHART SHOWING ORDER OF MAKING EXPERIMENTAL SECTIONS 
OF CONCRETE PIPE. 
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FIG. 2.-—CURVE SHOWING AVERAGE CRUSHING STRENGTH OF 
CONCRETE CULVERT PIPE. 
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After mixing, the concrete was transferred from the mixer to wheel- 
barrows and then placed in the forms in 4 in. layers and rodded by the 
standard bar used in laboratory practice. The forms were removed in 48 
hours and the specimens then sprinkled daily for 25 days. 


All specimens were tested at the age of 28 days with a sand hearing. 
With the exception of the largest size, the tests were made in a Riehlé 
Standard Pipe Testing Machine. Specimens too large to be tested in this 
machine were tested by means of a loadometer in a wooden frame testing 
machine. The loadometer was in turn calibrated by the Riehlé machine 
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FIG. 5.—REQUIRED WALL THICKNESS OF CULVERT PIPE. 


so that the results are comparable and no variation would be encountered 
due to a change in testing machinery. The same bearing apparatus was 
used in all cases. 


The mix was approximately 1: 144: 3 and the concrete remained for 
five minutes in the mixer. The fine aggregate was graded from 0 to the 
No. 8 sieve and the coarse aggregate from the No. 8 sieve to three-quarters 
of an inch in size. 
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The amount of each material used was as follows: 


; Per Cent of One cu. ft. 
Material. of Material for 
One cu. ft. of Concrete. 


CIC AUR Se ad ee Wi coc RRL: oS RM le ae i 27 
Hine agsrezate (INo=Oto NowS)......0... 658s eee oe bes 35 
Coarse aggregate (No. 8 to 8inch)................... 32 
Codrse aogrecate (eto scinth) ose 8 ken sc dea sa 41 


Tasie I.—Resuut or InpivipuaL Tusts or Concrete Cunvert Pier oF 
DIFFERENT WALL THICKNESSES AND INSIDE DIAMETERS. 


Wall Thickness of Pipe, inches. 


3,150 | 4,200 | 5,590 | 7,245 | 11,520 
2,800 | 4,120 | 5,000 | 8,095 | 10,310 

10,145 
5,000 | « 8,800 
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Aver.| 3,177 | 4,335 | 5,223 | 7,670 | 10,194 


3,000 | 5,580 | 7,110 | 9,860 | 13,730 
3,400 | 4,700 | 7,325 | 8,540 | 11,245 


% 4,365 | 4,000 | 6,470 | 8,200 | 11,665 
4,895 8,000 | 12,280 
Aver. 3,755 | 4,794 | 6,968 | 8,650 | 12,230 


g 2,400 | 4,020 | 5,690 | 6,400 | 10,635 
2 2’200 | 3,000 | 5,460 | 6,105 | 9,095 
oy es 3'330 | 4/335 | 4.800 | 7/325 | 7,800 
x 4'165 | 5,000 10,115 
EB Aas 2,810 | 3,880 | 5,238 |. 6,610 | 9,411 
q 

E 


3,000 | 3,600 | 4,600 | 6,400 | 6,600 
27200 | 3,700 | 5,200 | 5,800 | 11,000 
3,000 | 3,600 | 5,400 | 7,400 | 8,000 
3,600 | 4,200 7,000 


30 


Ave. 2,733 | 3,625 | 4,850 | 6,533 | 8,150 


2,800 | 3,600 | 4,800 | 6,800 | 6,000 
2,000 | 3,400 | 4,800 | 5,800} 7,000 

5,600 7,800 
3,200 | 4,200 


Aver. 2,600 | 3,500 | 4,850 | 6,300 | 6,933 
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Fig. 3 shows the relation between crushing strength and diameter cf 
pipe having different wall thicknesses. 

Fig. 4 shows the relation between the crushing strength and the wall 
thicknesses of the specimens having different diameters. The wall thick- 
ness generally specified for the different diameters is sketched in by the 
dotted line. It will be noted that for a given crushing strength on the 


FIG. 6.—CULVERT PIPE IN TESTING MACHINE, 


foot-diameter basis, changes can be made in the usual wall thicknesses and 
a step toward greater uniformity be taken in this manner. 

Fig. 5 shows the relation between the diameter and the wall thickness 
of pipe for a given crushing strength. These data indicate that up to the 
30 in. diameter pipe, the wall thickness is directly proportional to the 
diameter for a given crushing strength. 

It should be borne in mind that the results of the investigation are 
platted with reference to the actual strengths obtained. The use of the 
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data given would be entirely in a relative sense unless in practice a con- 
crete was obtained which would be identical with that used in this inves- 
tigation. 

. The data given do not take anything into consideration but the re- 
lation of wall thickness to the diameter of the pipe on a basis of crushing 
strength. It would probably be necessary to depart from the relative 
values given for certain sizes so that allowance could be made for the 
necessity of having the finished product stand a reasonable amount of 
strain due to shipment and placing. 


APPENDIX. 


Considerable of the variation in the crushing strength of concrete pipe 
is on account of segregation of the concrete aggregate and a tendency to- 
ward porocity, due to the drier mixtures being difficult to place properly 
around the reinforcement, etc. The use of excess water up to a certain 
amount makes the concrete more workable but at the same time causes 
segregation and loss of strength. Any means by which the concrete could 
be made more workable, without decreasing the strength, would be consider- 
ably more desirable than the present necessity of using excess water to 
promote workability. 

After the investigation to determine the relation of wall thickness to 
diameter of concrete pipe, another investigation was carried on to deter- 
mine the effect of a diatomaceous earth, commercially known as celite, when 
used as an admixture to promote workability, on the crushing strength of 


Taste II.—Crusuine Strenetu (Per Foor DiamMEererR) oF CONCRETE 
Pirzk Wits anp WirHouT ADMIXTURE OF CELITE. 


Size of Pipe, inches. 


18x 3% 24x 3% 

3 Per Cent 3 Per Cent 
Plain. — Admixture.* Plain. Admixture.* 

4480 4147 2730 2850 

4837 4450 2373 2395 

4350 4843 2265 2213 

3757 4125 2738 2950 

4540 4887 2780 2767 

4337 4750 2038 2320 

PNR 2528 

Average. 4384 4534 2443 2575 
Per cent. 100 103.4 100 105.4 


*3 per cent Admixture = 3 per cent admixture of celite earth (by weight of the cement content). 
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the pipe. The result of this investigation indicates with an addition of 3 
per cent of celite, by weight of the cement content, an average increase of 
4% per cent in the crushing strength was obtained at the 28-day period. 

The investigation consisted of tests of 26 pieces of concrete pipe; 13 
pieces using plain concrete, and 13 pieces containing the celite as an ad- 
mixture. Due to but one set of molds being available for each diameter 
and wall thickness, it was necessary to vary the wall thickness each day 
and correct for this change. Inasmuch as the same number of pieces of 
each wall thickness were made with and without the admixture, and the 
correction was a constant, there would be no variation due to this. 

The results of this investigation are summarized in Table II. 


& eens 


DISCUSSION. 


R. W. Crum (by letter).—The very excellent test results secured by 
the author of this paper indicate that a more general application may be 
made to the problem of design of plain concrete pipe than Mr. Hutchinson 
suggests. The following table computed from the data in Table I, showing 
the average moduli of rupture for the various diameters and wall thick- 
nesses, apparently demonstrates that if the concrete is of constant quality, 
the moduli of rupture are reasonably independent of diameter and wall 
thickness, and can therefore be used as a basis for design. 

The formulas for computing the moduli of rupture are discussed in 
Bulletin No. 36, Engineering Experiment Station, Iowa State College, and 
are as follows: 


M = 0.20 (R + %t) us 
and 
6M 
aS 
where 


M =the maximum bending movement in the tile wall in inch pounds 
per lineal inch. 
R—=the radius of the inside line of the tile shell, in inches, 
W =the breaking load per linear foot, using sand bearings, 
p =the modulus of rupture of the material, lb. per square inch, 
t = thickness of wall. 


Avreracre Moputi or Ruprure IN PoUNDS PER SQUARE INCH, FROM DATA IN 


TaB_e I. 
c Wall Thickness of Pipe, inches. : 
Diameter, Average. 
inches. 
2 24% 3 344 4 46 5 
{OER Sane eee cree 675 607 512 575 605 ee Toa 597 
PS A reece since s a 615 560 612 595 677 Sn 612 
Po A red Mesa A areca iis sa 597 582 590 580 660 a: 602 
SUE ereemierce aA ens Cot 500 500 515 555 570 528 
BON aererns Saeeies ie oa 562 565 607 600 570 581 
Average....... 675 606 543 568 580 623 570 584 


Therefore, if a manufacturer knows by testing, the probable minimum 
modulus of rupture of his product he can design tile of different diameters 
to meet any specification for crushing strength. These formulae may be 
applied as follows: 
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To find wall thickness for various diameters to meet a specification 
requiring the strength of the pipe to be 2400 pounds times the diameter in 
feet, using concrete of 600 pounds per square inch modulus of rupture. 


2K 
W = 2400 X 45 = 400 Rk 


p = 600 
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The two formulae can be combined as follows: 
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tk I? 
Die Se ee ag Qe —= 37 792 
then t 30 15 t 0.0383tR = U.067R 


(¢ — 0.01652)? = 0.6876R? 
t — 0.0165R — .262R 


¢ = .278R, from which the thickness of various diam- 
eters can be computed. 


Solution of the formula is probably a satisfactory way of handling the 
problem in any given case, but for quick consultation under specific sets 
of conditions diagrams can be easily made. Two such are appended hereto. 
Figure A, gives the relation between internal diameter and shell thickness 
for a modulus of rupture of 600 and for various strength requirements. It 
will be noted that results from this diagram agree in general with Mr. 
Hutchinson’s Figure 5. Fig. B gives the relation between modulus and 
rupture and shell thickness for various diameters and a specified strength 
under sand bearing loading of 2400 D per linear foot. 


A DEMONSTRATION IN MAKING TRIM STONE AND 
ORNAMENTAL CONCRETE. 


By R. F. HAvLik 


Mooseheart, Ill. 


The session of the Convention was devoted to an actual demon- 
stration of the methods used in making ornamental concrete, at 
the School of the Loyal Order of ‘Moose, at Mooseheart, Ill. The 
following is an abstract of the discussion during the demonstration. 


At Mooseheart we manufacture trimstone and building block.for our 
own use only, and garden furniture for our own use and for a few cus- 
tomers such as Marshall Field & Co. and Wanamaker, and about two other 
concerns like that in the larger cities. The reason we manufacture garden 
furniture is to give the boys experience in making ornamental products. 
It is impossible to put enough ornaments into an ordinary building to give 
the boys sufficient practice in such work. 

The molds for garden furniture, etc., are almost identical with those 
used in the manufacture of building trim. There are various kinds of 
processes used in the manufacture of trimstone. We use the one that seems 
most suitable at the particular moment for the job at hand. We use 
_ plaster, wood and glue molds. Many manufacturers have a decided prefer- 
ence for one type or the other. I believe the tendency among most manu- 
facturers is towards plaster molds in preference to glue molds. On highly 
ornamented pieces you have to use what is known as a plaster piece mold. 
A glue mold will accomplish the same purpose, and if it is handled prop- 
erly will do it just as well and in some respects better, as there are no 
seams in a glue mold except where the glue is cut into pieces to release it 
from the model. There may be three or four seams on a glue mold that 
would require 18, 20 or 30 seams in a plaster piece mold, so from the 
standpoint of touching up that piece of stone after it comes out of the 
mold, the glue mold has advantages in that there are less seams, and there- 
fore less work involved in pointing up the stone. That applies principally 
to stone made by the cast method. 

One other reason for using plaster piece molds as extensively as they 
are being used is the fact that the majority of the manufacturers tamp 
their trimstone instead of pouring it wet. You cannot tamp stone in a 
glue mold and take the mold off of the stone immediately. Stone must 
remain in a glue mold overnight, so if a manufacturer must use the tamp 
method, he is compelled to use plaster piece molds. I wish it understood 
that each has its particular advantages and if the manufacturer can use 
both the cast and the tamped process, he should use whichever of the two 
is the cheapest for the particular job at hand, There is some difficulty in 
matching tamped stone with cast stone, especially if you use white cement. 
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Tamped stone is likely to be darker in color than the cast stone. You can- 
not make it as light as the cast stone, so the only alternative is to put a 
little gray cement with the white to make it match the tamped stone, and 
take the precaution of making the tamped stone just as wet, as possible; 
that will bleach out the resulting cast so that it can be made to match 
perfectly with the cast stone. 

Before these boys start to demonstrate some of this work, I will show 
you a sample of a glue mold. That is the glue jacket for making this 
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ornament, which, you see, is highly undercut. It would be impossible to 
produce this in an ordinary plaster draw mold, but we could make a plaster 
piece mold for that particular object, but it would require a great many 
pieces, probably 13 or 15, whereas this glue mold is in one piece. As you 
see, it is flexible, and can be bent like a piece of rubber. It was made last 
week and has laid around the hotel here for several days. We have two u- 
finished concrete casts of this same ornament on the platform. You will 
notice these casts look exactly like this plaster cast in their physical ap- 
pearance. We will dip one in acid to show you how acid affects the sur- 
face and how quickly it takes effect, while one of the boys makes a plaster 
cast in the glue mold. The plaster will set up in about 15 minutes, and 
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after it is hard enough we will release it and show you how it comes out. 
Another lad will spin a model of a baluster on this rigging, which is a 
template made of sheet metal mounted on a wood frame. A third boy will 
run a molding the shape of the template on this table, and if time permits 
we will make a pier cap of it. 

Over to the left we have what is known as a plaster piece mold. The 
boys have just finished tamping an ornament in it of concrete. This out- 
side ring is part of a jacket which holds the pieces of the mold in place, 
and within it you will see the balance of the mold made up of a number 
of pieces. I will let the boy take them out' for you to show how they fit 
together. These boys are regular Mooseheart students. All Mooseheart 
students are required to complete a high school course and learn a trade 
before they are permitted to leave. When they leave we find them positions 
with people having use for men of their particular training. We have 
many calls for young men in ornamental conerete work, from our friends 
in the Institute, and we appreciate that very much. These pieces are made 
so they will draw freely from the mold. Each piece is tapered so it can 
be released without injuring the ornament. It takes a lot of skill—high 
grade skill—to manufacture a plaster piece mold properly. This same 
ornament could be made in a glue mold in at least half the time, and per- 
haps even less than that, but the ornament could not be made by the 
tamped method in a glue mold. 

This student will now assemble the mold again and make another cast 
and I will have one of the other boys run a molding here and the third 
will start spinning that baluster, and while they are performing I will 
explain some of the steps of the work involved. Inasmuch as they will use 
the glue mold ahead of anything else, I will explain the method of pro- 
ducing this. A modeler must first model this ornament in clay or modeling 
wax. The modeler is the highest priced mechanic in an ornamental con- 
crete plant, and is paid from $1.50 an hour up, usually up. As soon as a 
model is finished up, and the architect approves it, it is mounted on a 
table or a panel. A piece of paper is laid over the model to keep material 
from sticking to it; then a thin layer of clay is placed over that. That 
layer of clay takes the place of this glue jacket, and is later replaced with 
this glue. 

We make it as thin as feasible, in order to use as little of the glue as 
possible. The next step is to make a plaster jacket to hold the glue. The 
plaster jacket should be so made that the glue can only fit into it in one 
position. This is accomplished by building up a locking ridge of clay on 
the layer of clay. This, of course, is later replaced with the glue. When 
the locking ridge has been built up on the clay, the entire surface is covered 
with a layer of plaster. Fiber dipped in plaster is worked into the plaster 
in order to make the jacket stronger. As soon as the plaster sets up, the 
jacket is removed from the clay. The clay is then removed from the model, 
the paper is removed, and the model is cleaned. The plaster jacket is then 
replaced over the model. A hole is cut into the top of it, as you see, and 
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the operator then places a funnel over the hole, sticking it in place with a 
little plaster. The intervening space between the plaster jacket and the 
model is then filled with hot glue. The glue comes in a flake form, and is 
practically the same as cabinet makers’ glue, and can be purchased of any 
large packing company. The glue has to set overnight, usually, and the 
next morning the jacket is taken off first, then the glue jacket, and finally 
the model. 

The glue jacket looks something like this. If it is a very complicated 
piece, it may be cut into three or four sections to enable one to draw it 
off of the model without damaging the model. The next step is to take 
that glue mold and dry it out with some French chalk. The model was 
previously greased, and this glue will be full of grease. The French chalk 
simply dries it up and removes that grease. The next step is to paint that 
entire surface with saturated alum water. That hardens the glue and also 
waterproofs it slightly. After the alum water dries off, the jacket is 
painted with litharge and linseed oil paint. The paint is allowed to dry 
overnight, and the entire surface of the glue is then greased with a grease 
made of stearine wax and kerosene. The purpose of the grease is to keep 
the concrete cast from sticking to the mold, and also to keep the water 
from soaking into the glue and rotting it. It does not accomplish this 
entirely, as evidenced by the fact that a glue mold is only good for seven 
or eight casts in cool weather, after which the glue is too soft for use, 
and has to be melted and the above process repeated again. 

At this point I will explain how the glue is prepared. It comes in 
flake form. We place it in a big vessel large enough to hold whatever 
quantity we wish to use. We then pour water over it, drain the water off 
immediately, and place the glue in a double boiler and heat it until it 
melts. We then pour the hot glue into the mold, as described before. 

The work involved in producing an object that is symmetrical consists 
of making a template in the first place the reverse of the profile of the 
object to be made; that template is then mounted on a piece of wood in 
the manner of this baluster template, or in this manner, for molding. We 
picked out the simplest kind of objects to demonstrate with because we 
wanted to make sure we would complete the demonstration. The next step 
in making one of those models is to prepare the plaster, as the boys have 
done now, and build up a core with anything that is available that will 
hold the stuff together. We use excelsior, burlap, or this material, which 
is known as fiber. Fiber consists of the whiskers of cocoanut shells, and 
is prepared by tanneries, and costs about 12¢ a pound. Fiber add strength 
to the molds. We could build them up of plaster only, but they would be 
very brittle. 4 

A Memper.—Where can these boys continue their training in mold 
making? You say very few become proficient in the making of molds. 

Mr. Havriix.—Do not confuse what I said. Few become proficient in 
modeling. A boy has to have natural ability, and lots of it, and spend 
many, many years in the work to become a high-grade modeler. If you 
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question the average modeler, you will discover that he started to learn 
this work at about 14 years of age; he did not consider himself a journey- 
man until he was 20 or 21 years of age, after five or six years’ experience. 
Nowadays-they will not accept a lad in the modelers’ union unless he 
shows some ability; he is given a short trial period and has to show con- 
siderable ability before they will admit him to apprenticeship, and then 
he has to spend not less than four years in the work. We just bring a 
boy to the point where he is a’good beginner and ready for apprenticeship 
in modeling, but in mold making and model making our boys will fit into 
the average plant immediately without much difficulty. 

The bigger the plant, the more mechanical methods they will use in 
this kind of work. They will mix all their plaster by machinery with 
laborers, and deliver the ready material to the casters who make the molds 
and models. Then again we will use clay for a parting strip. This mold 
is a mold for a small baluster, the same as the model the lad is spinning 
there; we will build up a partition of clay, at this joint, and then cast 
this one section of the mold. In the bigger plants they will just smear 
the plaster on there, run it over that joint and take that off and cut that 
mitre on a band saw to save time, because the time saved on the workman 
effects a greater saving than the loss of material in that little extra 
plaster that you throw over that joint, but in a school where we are limited 
as to expense of raw material we have to use it as sparingly as possible, 
so we use that clay for building those partitions, in most cases. 

A Mremper.—Where can they get their experience in modeling? Do 
they have to go to plants to get that, or to schools? 

Mr. HavirK.—That is the most difficult thing to answer satisfactorily. 
The art schools, as a rule, do not teach the commercial type of modeling; 
they teach a lad how to become a high-grade sculptor, modeling the human 
figure, and things of that sort, but building ornamentation involves very 
little of the human figure and the art schools touch on that only a little, 
and the modeler who comes out of an art school has to serve an appren- 
ticeship in a concern that makes a business of ornamental plaster work. 
In Chicago the best modelers are to be found with the big plaster com- 

“panies such as the Architectural Decorating Company, the Decorators’ Sup- 
ply Company, McNulty Brothers, and the terra cotta companies. Men who 
model the plaster work like that in the ceiling of this hotel are capable of 
doing this work. 

A Memper.—ls that made in molds? 

Mr. Haviix.—All of that ceiling ornament is pre-cast in a mold sim- 
ilar to this mold. Then it is stuck up in sections and the joints are after- 
wards pointed up with plaster so it looks like one-monolithic piece. The 
straight moldings are usually run in place. One reason why products 
manufacturers find difficulty in getting enough men who are competent to 
make molds of this kind, is that they do not know where to go; the best 
place is to stand at the timekeeper’s gate of one of these big plaster con- - 
cerns and grab them as they come and tell them you want men to make 
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good, high-grade molds for concrete work. They will know nothing about 
casting concrete work. You will have to supply them that knowledge, but 
they will be very proficient in plaster work. 

If this piece just made in the plaster piece mold were made of granite 
instead of white cement, crushed marble and white sand, we would have 
to spray it with a fine mist of water through one of those atomizing sprays 
that fruit growers use in spraying trees. That would wash off some of the 
surface cement or drive it into the concrete. That method, however, makes 
a stone that has a milky appearance; if you wish it to look clean and 
glisten, you must wash it a little with acid and water after it has hardened 
a few days. Some will disagree with me on that, I know, but I know that 
when we show samples made by the two methods to visitors, almost all of 
them say they prefer the glistening surface to the dull surface. It costs 
just a little bit more to give it that final wash with acid and water. You 
can, if you like, let it stand just as it comes from the mold for a few 
days, cure it thoroughly and then dip it in an acid bath, which will not 
cost much more than the spraying. Just drop it in the bath and leave it 
there ten or fifteen minutes and take it out and wash it off with a hose 
and it is ready for use. 

A MemBER.—Do you keep time on it? 

Mr. Haviik.—Some time, but usually the time is determined by the 
appearance of the stone. 

A Memperer.—How proficient are your graduates, and how much are 
they paid? 

Mr. Haviix.—That is a good point to bring up. If you are fortunate 
enough to have me send you one of our boys, be patient with him for a 
few days, as he may lack commercial speed which he can only get by work- 
ing 8 hours a day every minute of the day. No student was ever born 
who exceeded the speed limit working in a school, and these boys are just 
like you were when you were 15 or 16. They have to get that speed in 
a plant, so if you happen to get one of them sometime, bear that in mind 
and give him a chance to become accustomed to your methods and the 
speed of your shop; as soon as he gets acclimated, he should make good; 
if he does not, let him out and let him look for a job somewhere else; that 
will make a man of him quicker than any other treatment. A fair chance 
is all we ask for any of these boys. One of our first graduates who gradu- 
ated in 1920, is completing his senior year at Wisconsin University; last 
summer I secured a position for him at Nashville, Tenn., to turn out a 
sunken garden for the Peabody College. The President of the college 
wanted me to come down and tell them how, but I advised him I could 
send someone to do the complete job, and they accepted my suggestion 
and turned the whole job over to this young man. He finished it up in 
about nine weeks’ time and they paid him $55.00 a week for that work. 
We have sent boys out that we started at 75¢ an hour, but they paid this 
young man at the rate of $1.25 an hour; a dollar and twenty-five cents is 
probably the highest rate of pay, and seventy-five cents is the lowest. We 
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hope they will all be worth more than 75¢ after they are in a commercial 
shop. If they are not, we are not making good at our job. 

Here is the plaster cast that the young man just released out of that 
glue mold. If this were concrete he would have to wait 24 hours before 
he could ‘take it out. 

While they are finishing up those other jobs, we will have one of the 
young men dip this ornament, which is made of cement, in this acid bath, 
and we will time it and see how long it takes to make a job. 

A MembBer.—How strong is that acid? 

Mr. HaviiK.—About 3 parts of water to 1 part of commercial muriatic 
acid. I think we usually use about 4 parts of water to 1 part of acid. 
There is such a thing as getting it too strong for practical purposes—it 
may etch the stone out more rapidly than the average workman will handle 
the cast. We keep adding a little acid as it weakens. We dip almost 
everything at Mooseheart, and I think we will renew the acid entirely per- 
haps once every two years. It lasts a long time when fresh acid is added 
to it at intervals, but ultimately you fill up the lower part of your tank 
with a lot of dead cement, and are wasting space, so you have to get rid 
of that sooner or later. This cast has been in there just two minutes, and 
you can see some of the granite exposed already. The lad has rubber 
gloves on. In our plant we do not use rubber gloves at all because they 
do not get their hands in often and it does not hurt unless you have a 
cut on your hand. 

A Memser.—How do you prevent air bubbles? 

Mr. Haviix.—We do not prevent them 100 per cent, but we eliminate 
them perhaps to 5 or 10 per cent by jarring the molds and taking special 
precautions to press the facing mixture into every part of the mold as 
thoroughly as possible before we finish filling it up. That comes largely 
from experience. It is pretty hard to.describe in words just how we do 
that, but if you will visit our plant as you are at liberty to do at any 
time, we can show you better than we can describe it in words. 

A MemBer.—Do you make balusters the way that young man is mak- 
ing this one out of plaster by using a concrete mix? 

Mr. HAaviixk.—No, we do not, but there are some people in the business 
who not only spin balusters but make columns by a method somewhat 
similar. It is a centrifugal method. I think they revolve the mold at a 
high rate of speed and then the concrete is thrown against the mold, 

A MemBer.—Do you steam cure this stone? 

Mr. HAvLix.—-We steam cure all stone, whether it is block, trim stone 
or garden furniture; we steam cure it for two to three days, and frequently 
ship in carloads when the stone is two days old, if it has been steam cured 
that length of time. 

A MemMBER.—How do you get the moisture in your steam kilns? 

Mr. Havii1K.—We run live steam into the kilns at an initial pressure 
of about 10 lb. to the square inch and give the kilns all the steam they 
will absorb. We make no attempt to run the steam through water as is 
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done in some plants. We get the temperature up as high as possible. We 
have made tests with thermometers at the ends of the kilns and found 
that our temperatures ran as high as 185 deg. F. 

A MempBer.—Do you have much trouble with the dropping of the con- 
densed water ? 

Mr. Haviix.—We do to a slight extent. We are very fortunate at 
Mooseheart in having about the right pitch to our roofs, and in the kilns 
that have a smooth ceiling we have practically no trouble from the drip- 
ping, but I have noticed in another plant where they have a wood roof 
that the condensation collects in the joints between the lumber, it fre- 
quently drips where you don’t want it to drip and causes a hole in the 
stone below it. We plaster our ceilings over metal lath and trowel them 
smooth, and that gives very satisfactory results. We pitch them about a 
foot and a half in 8 ft. 

A MempBer.—How long do molds last? 

Mr. Hayiixk.—A plaster mold is good for at least 40 or 50 castings 
with ordinary care, and if you take very good care of the mold, it can be 
made to last several years, but you have to repair any corners that happen 
to be knocked off. A glue mold is good for 7 to 8 castings in cold weather, 
and 3 or 4 in hot weather. The glue is not destroyed, but is softened so 
it has to be remelted and you usually have to add a little fresh glue to it. 
The loss in glue is very small. 

The question has been asked if we paint our glue molds; I forgot to 
mention that; we do. Manufacturers used to be very secretive about what 
they used to paint a glue mold to waterproof it. Some prefer white lead 
and oil. We think that we get better results by using litharge and linseed 
oil, but either will give you a good surface. The mold has to set for 
about 24 hours after it is painted with this litharge paint or white lead 
paint. The question’ has been asked as to how you handle big stones and 
dip them in acid baths. We use a bath 4x 4x13 ft. and handle our big 
stone with hoists, and either handle the stone directly with that hoist into 
the tank or use a rack, depending on the kind and size of the stone to be 
dipped. It is not very expensive. Vd rather make a great big stone and 
dip it in acid than make stone by any other process; it is more profitable, 
as the cubage runs up very rapidly. 

A Mempber.—Have you ever tried to sand blast anything? 

Mr. Havirx.—No, we have never done that. It ought to work 
satisfactorily. 

A Memper.—Do you scrub any at all? 

Mr. HavirK.—Yes. In dipping in an acid tank, we usually have to 
scrub part of the stone, as one part may have a little more cement on the 
surface than another part and the acid will not take effect as rapidly on 
that as the other. If you leave it in the tank until that portion that has 
more cement has etched ,out satisfactorily, the rest may be etched a little 
too much, so you must watch that and scrub such parts with a scrubbing 
brush. We spray tamp stone with a fine water spray, but after such stone 
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has cured we wash it off with a weak solution of acid and water to brighten 
it up. You have noticed in the exhibit in the other room we have some 
panels that have two textures, such as the heads of Martha and George 
Washington; the heads themselves are made of white cement and marble, 
and the background is made of gray cement and Crown Point Spar. Two 
different textures were used, but when the casts were first made they 
looked like these casts before they were dipped. After they were dipped, 
one showed up with a dark background and the other with a white fore- 
ground, but that is not made by dipping one part and not the other—it 
is made by using two different aggregates. 

A Mremper.—What proportion of a mix is used in this casting? 

Mr. Haviix.—I am not sure as to the exact proportions of the cement 
and eranite.. This boy says it is 24% parts of granite to one part of cement. 
This is experimental work. On our commercial work we use 1 part of 
cement to 3 of granite or other aggregate, the reason being that we keep 
the proportion of the cement down as much as possible to prevent check- 
ing; we also refrain from using a very fine aggregate containing dust, for 
the same reason. This boy has shown you the one that was dipped for a 
few minutes. We have another piece just like it, and will dip that too, 
and also a little ornament called the Dying Lion of Lucerne, a copy of a 
famous piece of sculpture in Switzerland. 

Here is the model of a baluster ready for the top and bottom. Those 
parts have to be made by hand and stuck on there with plaster. This mold 
is the plaster mold for this same baluster. 

A Mermper.—What sized aggregate are you using there? 

Mr. Hayviix.—We use the two small sizes, 3% and 4, equal parts. 
We saw up that molding with a miter, just as a carpenter would saw up 
lumber, only not as accurately, because if we saw off an inch too much, 
we can put it back on there with fresh plaster, while the carpenter cannot- 
do that. The plaster we use is No. 1 molding plaster, manufactured by 
the U. 8. Gypsum Company. If you ever need any for this work, do not 
accept a substitute. It is positively the best, works the best, and in our 
opinion is the best for molding. There are other plasters on the market 
that are as good or slightly better for making models and moldings, but 
the U. S. No. 1 Gypsum plaster stands up best for mold work. A mold 
before it is used for concrete work is soaked in water long enough to kill 
the suction, maybe half an hour or an hour, and this plaster has to stand 
water. 

A Meremper.—Do you ever use Keene Cement for making molds? 

Mr. Haviix.—We have done so, but I am not in a position personally 
to tell you whether it is better or worse. 


OLD AND NEW METHODS OF CONSTRUCTING CONCRETE BRIDGES. 
By J. B. Hunury.* 


The C. C. C. & St. L. Ry. abandoned the use of stone masonry for 
bridge construction about 25 years ago, and although some concrete was 
placed in the early nineties, it was not used to any great extent until 
1902, at which time there was inaugurated a comprehensive program of 
reconstruction and extension of lines, which has since been carried on, 
from year to year, almost uninterruptedly. 


During this period there has been placed in bridge structures about 
1,250,000 cu. yd. of concrete, with all of which the writer has had some- 
thing to do, in the way of design, construction, or maintenance, or perhaps 
all three. Some of this concrete is very good, a little is bad, a good deal of 
it is just fair, and it is of some interest to see under just what conditions 
it was placed, at different periods. 


The first thing in the way of a specification extant, is a typewritten 


sheet covering the construction of a 14-ft. arch in 1898. The mixes only 
are specified, and are as follows: 


Footings.—One part Louisville cement, 2 parts sand, 5 parts gravel. 


Abutments and Wings.——One part portland cement (Buckeye or 
Alpha), 21%4 parts sand, 6 parts screened gravel or broken stone. 


Arch Ring.—One part Alsen portland cement, 2 parts sand, 5 parts 
clean, screened limestone chips. 


Parapet Walls.—One part Alsen portland cement, 2 parts sand, 6 parts 
stone. 

All exposed surfaces were to be faced with mortar—l part cement, 
21% parts sand, 2 to 3 in. thick, using the same brand of cement as used in 
the abutting concrete. 

It is not known why a different brand of portland cement was specified 
for the various parts of the structure, unless each brand was supposed to 
have some especial quality. This structure is in good condition, and it 
was cheap, costing only $1468 in labor and materials to build 366 cu. yd. 
of concrete; that is, $4 a yard. 


* Wngineer Bridges and Structures, C. C. C. & St. L. Ry., Cincinnati, Ohio, 
(259) 
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The first General Specification was issued in 1902, entitled: “Speci- 
fications for Concrete Monolithic Construction.” It established a propor- 
tion of 1: 2:4 where natural cement was used in foundations, and for 
portland cement concrete the proportions were 1: 2144:5 for piers and 
abutments, 1: 21:4 for arch rings and girders, and in especial cases 
where maximum, strength was not needed, 1: 3:6, and contained this 
clause: “It is understood that the proportions of stone and gravel are 
approximate and may vary with the character of the materials, and must 
always be such that the mortar will fill all the interstices in the stone 
when rammed,” and as to placing: 

“The concrete shall be put in in layers at right angles with direction 
of pressure in the structure, not exceeding 6 in. in thickness, and thor- 
oughly rammed with iron rammers, and shall be of such consistency that 
the water shall just flush to the surface when rammed.” 

Such a specification, literally enforced, would today produce a very 
fair concrete. 

The use of natural cement was discontinued in 1904, and a new speci- 
fication was issued in 1905. Quite a few structures of re-inforced concrete 
were built in 1903 and 1904; and wetter mixtures were advocated, espe- 
cially for re-inforced work and this issue required as to consistency that: 
“The concrete shall be of such consistency that when dumped in place it 
will not require much tamping. It shall be spaded down and tamped suffi- 
ciently to level off, causing the water to rise freely to the surface, but not 
materially above it.” The proportions were arbitrarily fixed as 1: 2: 4; 
1: 3: 6, etc., and the use of a premixed aggregate was permitted. 

They were again reissued in 1910. The specification for cement was 
revised, and that for the aggregates was slightly modified, but that portion 
referring to consistency was unchanged. 

The use of the tower and chute came into quite general use, with 
which the mixes became still wetter, if possible, and the specifications of 
1915 were quite fashionable in requiring that: “The concrete shall be a 
wet mixture of such consistency that it will flow freely on a slope of 4 
horizontal to 1 vertical. It shall be spaded down and leveled, causing the 
water to rise freely to the surface, but not materially above it.” 

All of these specifications were in line with general practice, but the 
results were not entirely satisfactory. There was no question as to the 
quality of the raw materials, as they were usually furnished by the rail- 
way company, the cement being inspected and the aggregates, washed and 
screened, from our own pits, but with the same materials and the same 
labor, and with conscientious inspection, it seemed impossible, to determine 
in advance, as to just what sort of concrete would be found when the forms 
were removed. Concrete in one structure would cost so much per yard and 
he very good, while concrete in another structure, costing identically the 
same per yard, would be inferior; that is, we were never certain of getting 
our money’s worth. It was quite a gamble, and sometimes their stakes 
were very high. 
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When any of the concrete began, after a few years, to show signs of 
deterioration, the trouble was usually ascribed to frost action, but in 
many instances it was found the structure had been built in the most 
favorable weather. Of course, we now know that most of it was poured too 
wet, as was customary, but at that time this was ignored, and suspicion 
was diverted to the ingredients, and their proportions. 

The question of proportioning caused us no little concern. Sand and 
stone were ordered of certain maximum and minimum sizes, but when they 
were combined in the fixed proportions of 1 to 2, the mixture worked 
well, only when we happened to have a sand from one particular pit, and 
stone from another. Usually it was too coarse, lacking in mortar, and it 
was impossible to get a good surface finish, in which case the inspector, if 
he were wise and experienced, would use more sand and say nothing about 
it, or in the leaner mixtures, he would frequently use more cement, which 
rarely resulted in criticism, as it was furnished free to the contractor; 
and his boss seemed to feel easier if a little excess cement had been used. 

It was known that the mixed aggregate was usually improperly graded, 
and to remedy this feature, to some extent, serious consideration was 
given, regardless of the inconvenience, to the question of using three aggre- 
gates of different sizes, instead of two, and then combining them in such 
proportions as would produce an easily worked concrete, and this would 
have been a step in the right direction. 

In 1919 the Structural Materials Research Laboratory of Lewis Insti- 
tute issued a Bulletin on “Design of Concrete Mixtures” by Professor 
D. A. Abrams. This information was particularly interesting as it con- 
tained a sort of a promise, that, if we would break every rule of our 
specifications which referred to the mixing, we might expect, with some 
certainty, a concrete of a predetermined strength, and of uniform quality. 
It, of course, advocated the use of a minimum amount of mixing water, 
and offered a means of grading and proportioning the aggregates, which, 
if practical, would overcome one of our greatest difficulties. 

It was not clear as how this method of designing mixtures could be 
adapted to construction work, but in an endeavor to accomplish something, 
the specifications were revised in 1921 with this clause as to consistency: 

“The concrete shall be of such consistency as, and shall contain no 
more water than, is necessary to permit of proper working. It shall be 
spaded down, leveled, and tamped, causing the water to rise to the sur- 
face. If water accumulates on the surface of the concrete, the amount of 
water used in the mix shall be reduced.” 

The minimum time of mixing was specified as 45 seconds, and when 
towers were used it required that, “the chutes be steep enough to make 
the concrete run freely without using an excess amount of mixing water, 
but not steep enough to cause segregation of the stone and mortar.” 

It seemed unwise and impracticable at that time, to make any change 
as to the aggregates. They were, in nearly every case, furnished by the 
railway company, and it was thought that a better grading might be 
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arranged for at the pits, and the proportions of sand and stone varied on 
each job, as might be found necessary. 

In 1921 we were back just about where we started in 1902. Making 
concrete is probably one of the few arts in which, during this same period, 
there has been any retrogression. 

In the fall of 1922 work was begun on a reclocation of line and grade 
revision, near Sidney, Ohio, which involved the construction of about 
55,000 cu. yd. of masonry, half of which was in one structure over the 
Great Miami River. This bridge consisted of three 140-ft. and two 100-ft. 
arch spans about 95-ft. high, and considering its importance and the ex- 
pense involved, it was felt that it was necessary to use every means pos- 
sible to get a good quality of concrete. A considerable volume was con- 
centrated in one structure, and although but little was known as to the 
application of laboratory theories to field practice, it was felt that it was 
a good time and place to experiment with the methods of proportioning 
concrete, as outlined by Professor Abrams, and it was so arranged. 

This work has been described in some detail (See Hngineering News- 
Record, Oct. 11, 1923, and Railway Review of Nov. 17, 1923), but some of 
the more important features may be briefly reviewed. 

Desired strengths, as shown below, were selected for various portions 
of the structure. It was realized that they were somewhat higher than 
would customarily have been obtained, but as the work was largely experi- 
mental, it was well to be on the safe side. 

Lb. per sq. in. 


POOTN ESAT Ee a See tic ane: Mees clare tek) Sten eaten eo Pena tees 2000 
Piers-and abutments cer oe. writin wie atk etes eetct ars 2000 
ATCh FinBs or x sate ope ere eee ae 3000 
Spandrel arches and superstructure .............. 2500 


In the footings, piers, and abutments, below the haunches, aggregat- 
ing about 10,000 cu. yd., a premixed aggregate was used of size 0 to 1% 
in. This material was run of pit gravel, washed and graded to some degree 
by the addition of stone. The fineness modulus varied from 5.3 to 6.7, and 
this wide range was due in part to lack of refined methods of grading at 
the pit, and somewhat to the method of handling at the stock pile. The 
gravel was unloaded from cars by a clamshell, resulting in a certain 
amount of segregation as the larger pebbles rolled down to the bottom. 
The hoppers from which the tram cars were loaded, were in a tunnel under 
the center of the pile, and often they would receive largely the finer mate- 
rial. As a crater was formed over the hoppers, it was filled from other 
cars shipped in from the pit, in which case the coarse particles did not 
escape, or by the coarse material rehandled from the circumference of 
the pile. 

It was found with this material that, to avoid clogging the chutes, an 
average consistency, as represented by a slump of 6 to 7 in., was required. 
At times it could be worked somewhat drier, but due to the wide and 
frequent variation in the fineness modulus, it was difficult to control either 
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the true mix or slump. Of some 80 samples, for test specimens, taken 
from the mixer, the average slump was 6%4 in. 

For the arch rings and superstructure, separate aggregates were used; 
washed sand, 0 to 14 in., and crushed boulders % in. to 1% in. The fine- 
ness modulus of the fine and coarse aggregates remained quite uniform, 
averaging 3.2 and 7.8 respectively. The batches were 28 cu. ft., and the 
sand and stone were mixed in such proportions as to give a fineness modu- 
lus of the mixture, varying from 5.7 to 6.0, depending upon the desired 
strength. 

It was found that the concrete made of the separate aggregates could 
easily be handled in the chutes and forms with a slump of 3 to 4 in. The 
average slump of some 300 samples, representing 18,000 cu. yd. of con- 
crete, was 344 in. ‘This produced a concrete much drier than it was 
thought could be handled through chutes, and much drier than the gravel 
concrete previously placed with the same equipment. This seemed difficult 
to explain, as all materials were from the same pit, but it was undoubtedly 
due to the fact that the size and grading of the sand and stone remained 
nearly constant, and that the proportions of each were such as to produce 
a very workable mixture. All concrete was mixed for a minimum time 
of 1 minute. 

Unless it is certain that the fineness modulus of a premixed aggregate 
has a proper value and will remain fixed, there seems but little justifica- 
tion for its use. 

The concrete was conveyed to the forms by means of a tower 140-ft. 
high, and chutes having a pitch of 3 and 2% horizontal to 1 vertical, and 
with these responsible slopes the dry mixtures, and many batches had 
slumps of only 2 to 21% in., were successfully handled without clogging or 
segregation. Considering that there were some 20,000 yd. of compara- 
tively dry concrete so placed, it is quite evident that concrete, properly 
proportioned and mixed, can be handled by such means, without using an 
excess amount of water, as has been so customary and which has brought 
the tower and chute into general disrepute. In fact it was found that, 
with thorough mixing, less diffigulty with clogging was experienced with a 
reasonably dry concrete than with the wet mixtures. 

The surface of the finished concrete is of excellent texture and quality. 
Of the many thousand square yards of surface area, there probably was not 
more than a total of 1 sq. yd. of honeycomb. No rubbing or washing of 
any kind has been permitted, except on the ends of the arch rings, where 
the board marks were partially rubbed out. 

Experiments had clearly indicated that by regulating the mix, the 
consistency, and the grading of the aggregate, a concrete of predetermined 
strength could be produced in the laboratory, but there was some question 
as to whether, by means of the crude facilities for control at hand, ap- 
proximately similar results could be obtained under field conditions. As a 
check, 6 x 12 test specimens were made from time to time, in accordance 
with the A. 8. T. M. Standards, except that the samples were drawn 
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directly from the discharge of the mixer instead of from the forms, so 
that the actual slump of the particular batch could be determined. These 
specimens were buried in damp sand and tested at the end of 28 days. 
The early tests gave erratic and unsatisfactory results, but it was found 
that the. cylinders had been improperly capped and cured, and when this 
was corrected the strengths obtained closely approximated the designed 
strength. 

A summary by groups with various fineness moduli and mixes, repre- 
senting 280 tests taken from the Miami River bridge, is shown in Table I. 
As stated, the samples of concrete were taken from the mixer and the slump 
measured. The batches were of the regular run with no refined propor- 
tioning or measurement as would occur in the laboratory. In many cases 
it is known that the amount of cement varied between batches as much as 
10 per cent; as in some of the mixes where for instance 514 sacks were 
required, 5 sacks would be used in one batch and 6 in the next. This, of 
course, gave the average mixture in the forms, but might materially affect 
the strength of the specimens. The test cylinders were stored out of doors 
and were subject to all of the variations in temperature, and considering 
the comparatively crude methods employed, it is not surprising that there 
was considerable variation in the strength of the individual specimens from 


Taste I.—Brince No. 199, Smpney, 1923. 


Average results of test groups: 28-day test, 6 x 12 cylinders, 280 tests. 

Aggregate: Sand, 0 to 4; fineness modulus, about 3.2. Pebbles and crushed boulders, 34 to 11% in.; fineness 
modulus, about 7.8. Time of mixing, 1 to 2 min. 

Concrete for specimens taken from mixer. 
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the expected strength. However, when a number of results are grouped 
and the average taken, the strengths closely approximate that expected 
and are probably quite representative of the concrete actually in the 
structure. 

There is also included, in Table II, the results of 132 tests made at 
Beech Grove in connection with the manufacture of concrete crossing 
plank. They may be of interest, as we were working there with dry and 
very rich mixtures. The high slumps shown were used only for a special 
series of tests, as the concrete actually used in the slabs had a slump of 
about 2% in. 

This method of proportioning concrete was used not only at the Miami 
River bridge, but at all the structures of importance involved in the work, 
aggregating about 40,000 cu. yd. Some 800 tests have been made to date 
and the results are similar to those tabulated. 

All of the concrete is of excellent quality and the use of these refined 
methods and drier mixes seems to have inconvenienced the Contractor but 


Taste II—Concrerre Crossing Puanks Mapr at Brecu Grove, 
JuNE-NOVEMBER, 1923. 
Average results of group tests: 28-day test, 6 x 12 evlinders, 132 tests representing 800 slabs. 


Aggregate: Washed Sand, 0 to 4; fineness modulus, about 3.25. Crushed limestone, 34 to 1 in.; fineness 
modulus about 7.25. Time of mixing, 114 to 3 min. 
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little, if at all, and they have been applied to practically all of our other 
structural concrete work, with similar results, which has since been under- 
taken. 

We have frequently been asked, if the application of these methods 
does not result in the use of more cement. It is true that we used on this 
work a little more cement than our old specifications would have required, 
but we are getting, we believe, not only a stronger concrete, but greater 
strength per barrel of cement. 

Under the usual specification there would have been placed about 
10,400 cu. yd., mixed in proportion of 1:3: 6, and 17,600 cu. yd. of 1: 2: 4 
concrete. The F.M. of the mixed aggregate, for both classes, would have 
been about 6.25, and as usually mixed the concrete would have had a slump 
of at least 7 in. The True Mix for the 1: 3: 6 concrete would be 1 to 6.3, 
with an expected strength of 1400 Ib. per sq. in., and there would have 
been used 1.08 bbl. of cement per cu. yd. of this concrete. For the 1: 2:4 
mixture, the equivalent True Mix would be 1: 4:2, with an expected 
strength of 2200 lb., and there would have been used, 1.52 bbl. per yd. 
The total net amount of cement used then, would have been 37,990 bbl. 
With the fixed proportions of sand and stone, the mixed aggregate would 
have been too coarse to get a good finish, especially on the 1: 3: 6 concrete, 
and the inspector would probably have used some excess cement, but this 
will be neglected. 

For the purpose of comparison, let us multiply the strength in tons 
per sq. in. by the cu. yd. of this strength, and call the product “yd-tons.” 
Then we would have had in this structure 26,640 yd. tons, or about 0.7 
yd.-ton per bbl. of cement. 

As actually constructed we have, using 41,670 bbl. of cement: 


7,700 cu. yd. of 3000 lb. concrete or 11,550 yd. tons 
9,900 ce «e if 2500 66 ce 66 12,375 (Ts “e 
10,400 ce é © 2000 “ee ce “ce 10,400 ce ce 


a 


28,000 “ “ 34,3825 “ 


or 0.82 yd. tons per bbl. of cement. There has been no deduction made in 
quantity of cement, for concrete spilled and wasted, and the strengths 
shown above are the designed strengths, but, as a matter of fact, the 2500 
and 3000 Ib. mixtures were overdesigned about 5 per cent. This correction 
gives us about 0.85 yd. tons per bbl. 

Had we been satisfied with 1400 lb. and 2200 lb. concrete which would 
have presumably been obtained under the arbitrary specification, and mixed 
the concrete by the same methods and slumps actually used, the True Mix 
for the 1400 lb. concrete would have been about 1: 7.2, requiring 0.94 bbl. 
of cement to the yd. of concrete, and for the 2200 lb. concrete the True 
Mix would have been 1: 5.3, requiring 1.25 bbl. of cement per yd., or a 
total of 31,800 bbl. The yd. tons would be as before, 26,640, or 0.84 yd. 
tons per bbl. as was actually obtained in the structure. 


Oup AND New Meruops or Consrrucrine Brass. 267 


Then it is apparent that about 6200 bbl. or 16 per cent of the cement 
would have been saved, at the same time obtaining concrete of equal 
strength, by simply controlling the water used in the mix, and varying the 
proportions of sand and stone, instead of making the concrete by the old 
“hit or miss” method. And also, that by using 2700 additional bbl., or 
about 7 per cent more cement, we actually obtained, with proper mixing, 
conerete about 23 per cent greater in strength. 

With the necessary information and an’ inspector or engineer who 
takes enough interest in his work, there is nothing especially difficult about 
designing a concrete mixture, and after it is designed and made, nothing 
unusual is involved in placing the material in the forms. Efficiency in 
making the sieve analysis and slump tests is easily acquired, and if the 
inspector possesses the “Concrete Sense,” he soon begins to understand 
what it is all about and why, and is then able to intelligently make the 
necessary adjustments in proportions, as occasion may demand. It is not 
necessary, if one have confidence in these methods, to make the test speci- 
mens, but after all, there probably is as much justification for making 
them, if the principle of concrete mixture design is accepted, as there is 
for analyzing and testing each heat of steel at the mills. It is quite a 
satisfaction to know the actual strengths obtained, and the expense is not 
great where a laboratory is available. 

However, when this work was first undertaken we encountered some 
difficulties. It was quite a new thing and there seemed to be but little 
information available co-relating laboratory with field methods. We could 
easily combine the sand and stone in certain proportions and control the 
water used by the slump test, but we did not know just how much cement 
to use with a certain volume of sand and stone, measured as they came to 
us, to produce the desired True Mix as referred to in the charts and tables 
of strength. 

In the laboratories a certain volume of_cement had been used with a 
certain volume of dry, rodded aggregate, producing a concrete of a cer- 
tain strength. This ratio of volumes was called the True Mix, a purely 
fictitious ratio, as far as we were concerned, as we had to deal with sand 
containing various amounts of moisture, and the sand and stone were 
measured while in a loose condition, neither one nor the mixture of the 
two, being dry or rodded. The volume of cement used with a certain vol- 
ume of sand plus a certain volume of stone, was called the Nominal Mix, 
but the ratio between the True Mix and Nominal Mix was unknown to us. 

We assumed, from time to time, various values for this ratio, obtained 
by rather crude methods, and went on with fair success, as indicated by 
our test specimens, but inasmuch as the determination of the factor, relat- 
ing the True and Nominal Mixes, was really the answer to the entire 
problem, tests, by which the value of this factor might be established, 
were made with the various aggregates used. The results were difficult to 
explain until a theoretical solution was found. They may be of: interest 
to those who contemplate the use of these methods, but perhaps are well 
known to those who have experimented in the laboratories. 
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Our problem then is to find the relation of the True Mix to the Nom- 
inal Mix, or of the True Volume of Aggregates to the Nominal Volume of 
Aggregates. For example, if we were to take 4 cu. ft. of sand, measured 
loose, and containing moisture, and 6 cu. ft. of stone, measured loose, just 
as we would find them on the work, the Nominal Volume would be 10 
cu. ft. If the sand were dried, mixed with stone, and the mixture rodded, 
the resulting volume (True Volume) would be less than 10, say 7.0 cu. ft. 
Then for this particular mixture the ratio of True Volume to Nominal — 
Volume would be 7.0 to 10, or 70 per cent. If 2 sacks of cement were 
used in such a batch, the Nominal Mix would be 1: 5.0 and the corre- 
sponding True Mix 1: 3.5. This ratio of True Volume to Nominal Volume, 
or True Mix to Nominal Mix, which we will call “R,’ we find depends 
somewhat upon the size and fineness modulus of the coarse aggregate, the 
volume of voids in the rodded coarse aggregate, and largely upon the 
moisture content of the fine aggregate, and the proportions of fine and 
coarse aggregates used. These various relations are shown graphically in 
Fig. 1. 

If we have 100 cu. ft. of stone, measured loose and rod it, the volume 
will shrink to 85 or 90 cu. ft., depending upon its size, the fineness modu- 
lus, and whether it is pebbles, crushed boulders or crushed limestone. The 
rodded volume, for various amounts of stone used in the mixture, is repre- 
sented by the line “A-B.” In this rodded volume there is a certain volume 
of voids, amounting to about 38 per cent in crushed boulders, and about 
40 per cent in crushed limestone. The volume of voids is shown by the 
shaded area, or line “A-C.” 

If we measure, while in a loose condition, 100 cu. ft. of sand, dry it 
and rod it, the resulting volume of dry, rodded sand would vary from 74 to 
90 cu. ft., depending upon the amount of moisture it originally contained. 
(This will be referred to later in Fig. 2.) If the sand were comparatively 
dry, the line “E-D” would represent the dry, rodded volume for various 
percentages of sand used. If it had contained more moisture, the line 
“E?-D” would represent this volume. 

Theoretically, until there is used in the mixture enough sand to fill 
the voids in the stone, the sand would not affect the dry, rodded volume of 
the mixture of the two. As the amount of sand is increased, and the 
voids are filled, the excess volume of sand increases the volume of the 
mixture. The intersection at “G” of the line “E-D” with the line “A-C” 
is the point where, theoretically, the sand would just fill the voids. 

If we had started say with 60 ft. (60 per cent) of stone, from the 
diagram we find that the rodded volume would be 53 cu. ft., of which about 
20 cu. ft. would consist of voids. Using with the stone 40 ft. of dry sand— 
(40 per cent)—the volume of sand, when dried and rodded, would be 36 
cu. ft., of which 20 cu. ft. would be required to fill the voids in the stone. 
Then for this particular mixture of sand and stone, the theoretical mixed, 
dry, rodded volume would be (Stone) 53-+ Sand (36-20) or 69 ft., or, : 
having started with a total of 100 cu. ft. of sand and stone, the ratio of 
True to Nominal Volume would be 69 per cent. In a like manner the line 
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E-F-B can be plotted for any percentage of sand and stone used, and it 
represents the theoretical ratio of the True Volume to the Nominal Volume, 
or True Mix to Nominal Mix. If the sand contained more moisture, this 
ratio would be represented by the line E*-F*-B. 

The tests which were made, fit the wings of these curves nicely, but 
would not follow into the sharp elbow at F, but fell along a line such as 
E-H-B, This is due to the fact that it is impossible to completely fill the 
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FIG. 1.—RELATION OF VOLUMES OF DRIED AGGREGATES MIXED AND RODDED TO 
SUM OF VOLUMES OF AGGREGATE MEASURED LOOSE. 


voids in the stone, with the sand, and that in mixing the sand with the 
stone, it causes a separation of the particles of stone and increases the 
stone volume. 

If it were possible to fill every void in the stone with the dry sand, 
the point F should be obtained, but, assuming that in preparing the dry, 
mixed and rodded aggregate in the laboratory, the voids at this critical 
point were no more nearly filled than we could fill them in our tests, the 
curve E-H-B, or E'-H?-B, for wet sand more nearly represents the proper 
value of R to be used. 
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The variation in the F.M. of the stone has but little effect on the 
volume when rammed. We have found that crushed boulders, having a 
F.M. of 8.0, when rodded give a volume of about 89 per cent of the origi- 
nal; with a F.M. of 7.5, a rodded volume of about 88 per cent, and a F. M. 
of 7.0, a rodded volume of about 87 per cent. Crushed limestone, having 
a F.M. of 8.0, gives a rodded volume of about 90 per cent; a F.M. of 7.5 
a rodded volume of about 89 per cent, and a F.M. of 7.0 a rodded volume 
of 88 per cent. It can be seen from Fig. 1, that this small variation in 
rodded volumes of the coarse aggregate would change but little the line 
E-H-B, or E’-H’-B. : 

For our own work the fineness modulus of the available sands remains 
fairly constant and has an average value of about 3.3, but, as in all out- 
side work, the amount of moisture they contain varies continuously. The 
moisture, within certain limits, causes the sand to bulk or increase in 
volume, and consequently, when mixed with stone, affects the ratio “R.” 

On Chart A, Fig. 2, is plotted the results of tests of dry, rodded 
volumes obtained from known volumes of loose sand with a moisture con- 
tent varying from 0 to 30 per cent by weight of the dry sand. It will he 
seen that for dry sand, the dry, rodded volume is 91.5 per cent of the 
loose volume. The greatest shrinkage due to drying and rodding is with 
a moisture content of about 7 per cent, when the theoretical value of ‘‘R” 
would apparently be about 71 per cent, although 73.7 per cent was the 
minimum obtained in the tests. With a further increase in the water con- 
tent the sand really becomes flooded, the bulking action is replaced by a 
puddling action, and the value ‘“R” again increases, and when we have 
about 28 per cent moisture, the material has become so packed that there 
is no greater shrinkage in volume, when it is dried and rodded, than 
occurs with dry sand. In outside stock piles we find a minimum of about 
2 per cent moisture, and a maximum of 8 per cent or 10 per cent, after 
heavy and continued rains. 

On Chart B, Fig. 2, is shown the relation between the weights per 
cu. ft. of sands containing various percentages of moisture, and the mois- 
ture content. It is interesting to note, that for this particular sand, the 
weight per cu. ft. of the wet sand, with moisture content of P per cent, is 
(110-++ P) times the ratio (R) of the volume of dry, rodded sand to the 
original volume of loose, wet sand. By this chart we can determine closely 
the moisture content, by simply weighing a cu. ft. of the loose, wet sand. 

In Chart C, Fig. 2, the weight of the wet sand is plotted against the 
ratio R. 

Fig. 3 is the chart we are now using to design our concrete mixes, 
that is, to determine our Nominal Mix, when our True Mix is known. The 
values of R for 100 per cent sand (top of chart) are taken from Chart A, 
Fig. 2. Curves for sand containing more than 10 per cent of moistures are 
not plotted, as we do not have to work with them. They would fall be- 
tween the extremes shown, as may be seen from Chart A, Fig. 2. That is, 
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the value R, for a sand having 15 per cent moisture, would be the same 
as that for a sand having about 4% per cent moisture. 

This chart (Fig. 3) clearly shows that the amount of moisture in the 
sand affects the ratio of True Volume to Nominal Volume more than any 
other characteristic of the aggregates. The percentage of sand used, in the 
mixture will usually fall between 30 and 50 per cent, and within this 
range, the value R varies from 67 to 76 per cent. 

It is not claimed that this diagram is perfect, but its development 
seems to be theoretically sound, and it has been fairly well confirmed by 
tests. We will continue to use it, until we find something better, and feel 
that the resultant error will probably be less than that due to the inac- 
curate measurement of the batches. It is based on materials which we 
are using and would perhaps have to be modified for other aggregates, 
especially for different sands. 

As an example of its use, we will assume that to obtain the proper 
fineness modulus, with dry materials, we should use 40 per cent of sand 
and 60 per cent of crushed boulders, and that with a certain consistency, 
the required True Mix for the desired strength is 1: 3.6. From Fig. 3 
we find that for dry materials the value of R to be 0.75, and the 
Nominal Volume of loose, dry, separate aggregates is then 3.6—0.75=4.80 
cu. ft., and the Nominal Mix is 1: 4.8. Of this 4.8 cu. ft., 40 per cent 
or 1.92 cu. ft. is dry sand and 2.88 cu. ft. is stone; or the proportions 
for the batch are 1: 1.92: 2.88. 

However, we find that the sand we are using contains 2 per cent 
moisture, which causes it to swell or bulk, resulting in a change in the 
factor R, the Nominal Mix and Proportions. To correct for the various 
moisture contents of the sand, the diagonal dotted lines have been drawn 
in Fig. 3. From them we can find the value of the factor R to give 
the correct True Mix, and the per cent of moist sand to be used to 
produce the desired Fineness Modulus. In this example, begin at the 
intersection of the dry sand curve with the horizontal line representing 
40 per cent sand, and follow the dotted diagonal line upward to the 
left to its intersection with the 2 per cent moisture curve, and find the 
value of R to be 73 per cent, and the percentage of sand 41.7 per cent. 
The Nominal Volume, with sand containing 2 per cent moisture, becomes 
3.6—.73—4.93 cu. ft. and the Nominal Mix is 1: 4.93. Of the Nominal 
Volume, 41.7 per cent or 2.05 cu. ft. is sand, and the proportions are, 
1: 2.05: 2.88. 

After a heavy rain the sand might contain 8 per cent of moisture. 
Continuing along the same dotted diagonal line to its intersection with the 
8 per cent moisture curve, we find R to be 69 per cent and the percentage 
of sand 45 per cent. The new Nominal Volume becomes 3.6—0.69=9.22 
cu. ft. Of this volume, 45 per cent or 2.34 cu. ft. is sand and 2.88 cu. ft. 
is stone, and the proportions are, 1: 2.34: 2.88. 

The quantity of loose stone used in the mixture remains constant, 
as moisture does not affect its volume. Moisture in sand, as ordinarily 
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encountered, causes the grains to separate, or the sand to bulk, and to 
obtain the same number of grains of sand that we would have in a given 
volume of dry sand, we must increase the measured volume of the loose 
damp sand in making up the batch, as the Nominal Mix and proportion 
of sand varies with moisture content of the sand. 

The proportions, 1: 1.92: 2.88 for dry sand; 1: 2.05: 2.88 for sand 
containing 2 per cent moisture; and 1: 2.34: 2.88 for sand containing 
8 per cent moisture, are all equivalent to the same True Mix of 1: 3.6, 
and the same Fineness Modulus of the combined aggregates. 

Where it is impractical to change the amount of sand used in the 
batch, with frequent changes in the moisture content, an average of 
3 per cent or 4 per cent moisture might be assumed, in porportioning 
the batch. 

In order that our engineers and inspectors may more easily become 
acquainted with the methods of designing and making concrete mixtures, 
a set of instructions has been prepared, explaining as simply as possible 
the effect of variation in quantity and quality of the ingredients, with 
typical examples of mixture design worked out for them. They are re- 
printed in an appendix and offered merely as information. 


APPENDIX 


NOTES ON DESIGNING CONCRETE MIXTURES AND INSTRUCTIONS 
" TO MASONRY INSPECTORS. 


Concrete is made of cement, sand, stone and water, and any material 
change in the quantity or character of any ingredient will affect the 
strength and quality of the finished concrete. 

Knowing the quantity and character of the various ingredients, if 
properly mixed and placed, the strength or quality of the concrete can be 
determined; or conversely, if a certain strength of concrete is desired, this 
strength can be closely obtained by combining the proper ingredients in the 
right proportions. 

It having been established that concrete of a pre-determined strength 
can be made with careful selection and proportioning of materials and 
proper mixing and placing, it is evident that concrete so made is econom- 
ical, as we have neither excess nor insufficient strength for the require- 
ments of the structure, and usually the concrete will be better and more 
uniform in quality than that mixed under the usual arbitrary proportions. 


AGGREGATES. 


Aggregates of the proper size and grading, and the combining of the 
sand and stone in the right proportions materially increase the strength of 
concrete, and assuming a given consistency and mix, the strength depends 
on the size and grading of the aggregate. Generally the larger and coarser 
the aggregate, the stronger the concrete. Coarse sand and the larger size 
pebbles produce greater strengths than the finer sands and smaller stones. 

The term “Fineness Modulus” (hereinafter written F. M.) has been 
developed to indicate the size and grading of aggregates and their value 
for use in concrete. It is applicable to either fine or coarse aggregates or 
any combination of them. 

The F. M. of an aggregate is determined by a sieve analysis, made with 
a set of U. S. Standard Square Mesh Sieves, each sieve having clear open- 
ings double the width of the next smaller size. The sizes are 100, 50, 30, 
16, 8 and 4 meshes to an inch, and % in., %4 in. and 14% in. The percent- 
age of aggregate, (preferably by weight) coarser than each sieve is deter- 
mined. The sum of these percentages divided by 100, is called the Fineness 
Modulus. After the F.M. of the fine and coarse aggregates have been 
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determined, the F. M. of a mixture of the aggregates in any proportion can 
be found, or the proportion of fine and coarse aggregates to produce a cer- 
tain F.M. in the mix. A sample sieve analysis of various aggregates is 
shown below: 


Per Cent Coarser than each Sieve. 


Fineness 
Modulus. 
DlGVOedae Secs aoe 100 50 30 16 8 4 % 34 1% 
SandiO owns tances 100 95 81 42 6 1 0 0 0 3.25 
Pebbles 34 to 144 in....... 100 | 100 100 100 100 98 96 81 6 7.81 
Limestone 3 to lin....... 100 | 100 100 100 100 98 88 28 0 7.14 
Sand and pebbles0 to 14%in.| 100 98 95 87 77 61 44 30 7 5.99 


There may be a wide variation in the results of the sieve analysis of 
different aggregates, but as long as the I’. M. remains the same, uniform 
results may be expected in concrete, and by combining the sand and stone 
in the proper proportions the I’. M. of the mixture can be made that which 
is best suited to the purpose. 

As the maximum size of the aggregate increases, the F. M. increases 
and, until it becomes too coarse for the amount of cement used, the strength 
of the concrete increases. Larger F.M. can be used with rich mixes than 
with lean ones, and with round pebbles than with crushed limestone. 
Therefore, the best value of the F. M. will depend on both the mix and the 
maximum size and character of the aggregate. Larger values can be used 
in mass work than in light reinforced work. 

When the I’. M. of the sand and stone is known, the F. M. of a mixture 
of the two, in any proportion. can be obtained by the Formula 


r M, + (100-r) Mf, 
ee (1) 
100 
Where M = F.M. of Mixture. 
M, — F.M. of Coarse Aggregate. 
M, = ¥.M. of Fine Aggregate. 
7 = Percentage of Fine Aggregate Used in the Mixture. 


Or, if a certain F.M. of the mixture is required, the percentage of 
fine aggregate to be used can be determined by the Formula 


M.—M 
M eM f 


The desirable values of the F.M. of the sand (for mortars) and for 
the mixed aggregates (for concrete) for various mixes and maximum sizes 
of aggregates are shown in the following Tables I and I-a: 


| 
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TasLE J.—DeEstraBLe VALUES oF Fineness Mopuuus ror Licut 
REINFORCED Work. 


For Mortar. For Concrete. 
Vol ye Ee eee eae hae 
MaclAcee Sand. Sand and Pebbles. Sand and Crushed Stone. 
0-4 0-34 in. | 0-34 in. | O-1in. | 0-144 in.| 0-34in. | 0-1in. | 0-124 in. 
LebOaL ties pe te cores 4.75 5.60 6.50 6.90 7.385 6.25 6.65 7.10 
UGO sD eattvase eysorck are 4.20 5.05 5.90 6.30 6.70 5.65 6.05 6.45 
IL We SNS Gotan DiS eee 3.90 4.70 5.50 5.90 6.30 5.25 5.65 6.05 
ASHOVES ee indae Bee 3.60 4.40 5.20 5.60 6.00 4.95 5.385 5.75 
ANE QID Secor seseee 3.45 4.20 5.00 5.40 5.80 4.75 5.15 5.55 
REO Uo Srgsioncas ese 3.30 4.05 4.85 5.25 5.65 4.60 5.00 5.40 
LG6O Sits seer tonne 3.20 3.95 4, 5.15 6.55 4.50 4.90 5.30 


TABLE Ja.—DESIRABLE VALUES OF Fineness Mopuius ror Mass Work 


Concrete. 
True Mix, 
Volume of Cement to Mixed Aggregate. Sand and Pebbles. Sand and Crushed Stone. 
0-1 in. 0-114 in. 0-1 in. 0-114 in. 
1tol.. 7.00 7.55 6.75 7.30 
1 to 2. 6.40 6.90 6.15 6.65 
1 to 3. 6.00 6.50 5.75 6.25 
1 to 4. 5.70 6.20 5.45 595 
1 to 5. 550 6.00 5.25 5.75 
1to6.. 5.35 5.85 5.10 5.60 
1to7 525 5.75 5.00 550 


Fine aggregates used in concrete work should not have a higher F.M. . 
than that shown for Sand 0-4, for Mortars, of the same mix. While the 
above values will give maximum strengths they may occasionally have to 
be reduced, to get a concrete which will work properly, particularly if the 
coarse aggregate contains a large percentage of coarse particles. 


Mix. 


The strength of concrete, assuming the size and grading of the aggre- 
gate and consistency to remain constant, depends upon the mix. This mix, 
as used in the charts and tables, refers to the 7RUH MIX, and represents 
the volume of mixed, dry and rodded aggregate used with one volume of 
cement. 

The use of “True Mix” is convenient for laboratory work, but such a 
condition of aggregates is not encountered in the field. As ordinarily used, 
the aggregates, especially the sand, contain more or less water, depending 
upon weather conditions, and are always loose or bulked, 

To eliminate these variables the mixes for certain strength of finished 
soncrete must be expressed in terms of True Mix, but in the manufacture 
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of concrete we must measure the sand and stone separately, not rodded or 
tamped and containing moisture, so that, in order to have concrete of the 
required True Mix, we must know what volumes of loose, damp, sand and 
stone, which may be called the “Nominal Volume,” will be required to 
make a certain volume of mixed aggregates dry, rodded, which may he 
called the “True Volume.” The ratio of the True Volume to the Nominal 
Volume depends upon the F.M. of the aggregates, the moisture content of 
the sand, the voids in the coarse aggregate, and the proportions of fine and 
coarse aggregates used, and is shown in Diagram IJ. It will be seen that 
for the usual mixtures this factor varies from about 65 per cent to 75 per 
cent. That is, 100 cu. ft. (the sum of the separate volumes) of sand and 
stone, measured when loose and damp, would, if dried, mixed, and rodded, 
produce 65 to 75 cu. ft. of dried rodded aggregate, depending upon the size 
of the material, moisture content of the sand, and proportions of sand and 
stone used. 

This factor permits us to determine what Nominal Volume will pro- 
duce a certain True Volume, or what Nominal Mix would be required to 
give a certain True Mix. The NOMINAL MIX being the sum of the vol- 
umes of the separate aggregates, measured loosely in their normal condi- 
tion, used to one volume of cement. For example, in a mixture of 1 part 
cement, 2.5 parts sand and 4.5 parts stone, the Nominal Mix would be 1 to 
(2.5 + 4.5) =1 to 7. If the proper factor from Diagram II were 70 per 
cent, the True Mix would be 1 to (7.x.70) or 1 to 4.9. 

Usually separate aggregates will be furnished, consisting of washed 
sand, 0 to 14 in. in size, and pebbles and crushed boulders or crushed lime- 
stone, 34 to % in., % to 1 in., % to 1% in. in size, depending upon the 
character of the work. The proportions of sand and stone used will depend 
upon the desired F.M. of the mixture. Ordinarily the amount of sand 
used will be between 20 per cent and 60 per cent, by volume, of the 
mixture. 

When sand is mixed with stone, the volume of mixed aggregate is less 
than the sum of the volumes of the separate aggregates, and under ordi- 
nary conditions this ratio is between 80 per cent and 90 per cent, depend- 
ing upon the moisture content, size of aggregate and proportion of sand 
and stone. 

In the preceding example the 2.5 cu. ft. of loose sand added to 4.5 cu. 
ft. of loose stone, would produce say—6.0 cu. ft. of loose mixed aggregate. 
If one sack of cement were used with the sand and stone as before, the 
APPARENT MIX, as it may be called, would be 1 to 6.0. The term 
“APPARENT MIX,” however, would not be used except when a premixed 
aggregate (concrete gravel) is used. 

If the 6.0 cu. ft. of mixed aggregate were dried and rodded or tamped 
it would shrink (using the same True Mix factor as before) to 4.9 cu. ft. 

For certain unimportant work a premixed aggregate (concrete gravel) 
may be furnished. This is either run of pit gravel as it comes from the 
bank, or gravel washed and graded to some extent to produce the proper 
proportions of sand and pebbles. Its use should be discouraged, as its F. M. 
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will be found to vary continuously over wide ranges and consequently it is 
difficult to maintain a uniform and correct mixture. 

Where it is used the same F’. M. as used for separate aggregates, sand 
and pebbles, should be maintained, by adding sand or pebbles as may be 
necessary. The volume of premixed aggregates used to one volume of 
cement is the Apparent Mix. The ratio between the True Mix and Appar- 
ent Mix can be assumed as 85 per cent. 

Aggregates should be sound structurally, free from organic impurities, 
and clean, without coatings and dust. Inasmuch as sand and pebbles are 
usually furnished washed, and from tested pits, they are likely to be satis- 
factory. They should be examined, however, and any dirty materials re- 
jected. Crushed limestone, especially should be watched, as this often 
comes full of dust and screenings. Organic impurities in the sand can be 
identified by the Colorimetric Test, described in detail in the attached 
leaflet. 

Frequent sieve analyses should be made of the fine and coarse aggre- 
gates, and should any marked variation occur in either or both of them, 
the proportions of sand and stone should be varied (Formula 2) so as to 
give the required F. M. of the mixture of the two. 

In proportioning the batches care should be exercised to see that the 
amounts of sand and stone are measured with accuracy, so as to get a 
uniform mix. Due to the change in the moisture content of the sand, the 
Nominal Mix may have to be changed to maintain the same True Mix. 
When the mixed is charged from hoppers, or cars, lines or points can be 
marked for certain volumes, and the aggregates leveled off to these lines. 
If wheelbarrows are used, they can be marked for certain volumes, and the 
materials in them leveled off by means of a templet. With hopper scales 
the aggregates can be accurately proportioned by weight, after the weights 
per unit volume of the aggregates are known. 


MixInc WATER. 


The amount of water used in mixing concrete affects its strength as 
much as the quantity of cement used. It has two functions; to hydrate 
the cement, and to lubricate or make the aggregate workable. The strength 
of the concrete depends upon the “Water Cement Ratio” or ratio of volume 
of mixing water to the volume of cement. The smaller this ratio, the 
stronger the concrete, as long as there is enough water to make it work- 
able. Decreasing the amount of water increases its strength. A dry mix, — 
but still workable, will, with the same proportions of cement and aggre- 
gate, be about twice as strong as if water were added to produce a sloppy 
mix. This means that to secure a certain strength, if a dry mix instead of 
a very wet one is used, only about one-half the cement would be required. 
As an example,.to produce a concrete having a strength of 2500 Ib., if it 
were mixed wet, would require a True Mix of about 1: 2.2; if it were mixed 
dry, but still be workable, the True Mix would be about 1-4.6. 
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Rich mixtures require less mixing water per sack of cement than lean 
ones, as there is a smaller volume of aggregate per sack of cement; coarse 
aggregates require less mixing water for the same consistency than fine 
aggregates. Then the quantity of mixing water may be changed, due to 


(1) Change in Mix (cement content). 
(2) Change in Size and Grading of Aggregate. 
(3) Change in Consistency. 


The required amount of mixing water, includes the water which is con- 
tained in the aggregate as well as that added at the mixed. The total 
amount of mixing water required for various mixes, aggregates, and con- 
sistencies is known, but this particular amount includes that in the aggre- 
gate which is generally unknown and a variable, so that the amount to be 
added to the batch to give certain consistencies is a variable. 

A simple method of determining and regulating the consistency of 
concrete is by the slump test. The apparatus consists of a truncated cone, 
made of sheet metal, with a handle or grip on either side. The frustrum 
of the cone has a diameter of 4 in. at the top, 8 in. at the bottom, and is 
12 in. high. 

The form is placed on a level surface and is filled, with the concrete 
to be tested, in layers about 4 in. deep, each layer being rodded 30 times 
with a pointed rod; the top being leveled off. Immediately after the form 
is filled, it is graduaally lifted, vertically, and the amount the concrete 
settles or slumps, represents the slump. 

Concrete having a slump of % to 1 in. will contain but little more 
water than that necessary to produce the maximum strength, but would 
be a little too dry to use in construction work. Concrete having such a 
slump is said to have a “Relative Consistency,” for ordinary mixes, of 
1.00. Concrete containing 10 per cent more water has a Relative Con- 
sistency of 1.10 and would have a slump of 3 to 4 in. Concrete containing 
25 per cent more water (Relative Consistency 1.25) would have a slump 
of 6 to 7 in., and 50 per cent more water (Relative Consistency 1.50) 
would have a slump of 8 to 10 in. 

To again emphasize the importance of using as little water as possible, 
the expected strengths for various slumps, or Relative Consistency, with 
the same aggregate and mix is shown below: 


Slump Rel. Cons. F.M. True Mix Strength 
%-1 in. 1.00 5.8 1 to 4 3250 
3-4 “ 1.10 5.8 1 to 4 2850 
Goiaea 1.25 5.8 1 to 4 2200 
8-10 “ 1.50 5.8 1 to 4 1500 


It will ordinarily be possible to work a concrete having a slump of 3 
to 4 in., but if but little more water is added so that a slump of 8 to 10 
in. is obtained, and much concrete is poured this wet, the strength will be 
only half of the drier concrete using the same amount of cement and aggre- 
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gate. If more water is used it is necessary to increase the amount of 
cement to secure the same strength, and this, of course, is wasteful. There 
should always be used the smallest amount of mixing water possible to 
give a mixture sufficiently plastic for the work at hand. 

The inspector must make frequent slump tests, and insist that the 
control of the amount of water used be such as to insure a uniform and 
the desired slump. The water should come to the mixer from a container, 
which can be graduated, or otherwise control the amount of water added 
at the mixer. 

For the same mix and the same relative consistency, coarse aggregates 
require less water than fine ones, and the amount of water required for the 
same relative consistency decreases somewhat as the time of mixing 
increases. 

Consistencies of concrete, as represented by the slump, which should 
be used for various classes of work are as follows: 


TABLE II. 
Maximum 
Type of Construction. Shitneint 
Nags Concrete tanita ore mer ative Mente cures ste mieiate malate siae undead’ SA rats 3 to 4 
Reinforced Concrete: : 
Heavy sections, reinforcement more than 4-in. centers.........-...02-.005 000 e cess eee eee es 3 to 4 
Heavy sections, reinforcement less than 4-in. centers............0..6 000 cece cece eee eens 4to5 
Light sections, but easily tamped, reinforcement more than 4-in. centers................... 3 to 4 
Light, sections, or thin vertical walls, which are difficult to tamp........................... 5 to 6 
Bloorssin buildings: plattorms andipayements).® 9.20 meres oo atte poise oo nip oe ee ietoess a 1% to 2% 


The above slumps represent the maximum which should be permitted, 
and if a drier concrete can be worked satisfactorily, as determined by trial, 
lower slumps should he used. 

The mixing water used should be clean, containing but little, if any, 
sediment, and free from organic matter, acids and alkaline salts. 


CEMENT. 


The cement is usually furnished by the railway company and is in- 
spected at the mill, and the cars sealed, so that it can usually be depended 
upon as meeting the specifications. If the inspector notices, however, any- 
thing unusual as to its condition, its time of setting or other qualities, he 
should at once notify the engineer in charge. The cement should be stored 
in such a manner that it can be kept absolutely dry, and the storage should 
be as nearly air tight as possible. Any damp set cement should be dis- 
carded. 

The size of the batch is usually determined by the capacity of the 
mixer, the total volume of aggregates remaining constant, so that after the 
Nominal Mix is found from the required True Mix, the amount of cement 
required per batch is frequently found to be so many bags and a fraction. 
It is difficult to measure the cement nearer than to the half bag, and if, 
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for instance, it were found that 4%4 bags were required to the batch, 4% 
bags would be used, or 4% bags might be used in one batch and 4 bags 
the next, averaging 414 bags. 

The inspector should keep a daily count on the bags of cement used, 
batches mixed, and the amount of concrete placed, so as to check the Nom- 
inal Mix and yield. If the mix is changed during any day’s run, the count 
and measurement of concrete placed should begin again at the time of 
changing the mix. 


Quantities of Materials Required for Making Concrete. 


The volume of concrete obtained from a unit volume of aggregate is 
affected somewhat by the size and fineness modulus of the aggregate used, 
and the Relative Consistency of the mixture, and largely by the Mix. This 


TABLE III. 


Volume of Concrete Produced. 


Volunie of Aggregate 0 to 34 in. Aggregate 0 to 1% in. 
True Mix. | Dry Rodded A : 

Aggregate. Relative Consistency and Slimp. Relative Consistency and Slump. 
1.00 1.10 1.25 1.00 1.10 1.25 
Y-1 in. 3-4 in. 6-7 in. ¥-1 in. 3-4 in. 6-7 in. 
1 £0Nd caactepas.s 100 101.5 102.0 103.0 99.0 99.5 100.5 
PAtO'6 soe 100 102.5 103.5 104.5 100.0 101.0 102.0 
LOS. Some 100 103.5 104.5 106.0 101.0 102.0 103.5 
1t05.0 100 105.0 106.0 107.5 102.5 103.5 105.0 
MMOS Oy ee 100 107.0 108.0 110.0 104.0 105.0 107.0 
Ltoat) 100 109.0 LIO20g 112.0 106.5 107.5 109.5 
Lito: 3: b.sde 100 112.0 113.0 114.5 109.5 110.5 112.0 
Lig SuOns2.cc 100 116.0 117.0 119.0 113.0 114.5 116.5 
LtO.2 Bota 100 120.5 122.0 123.5 118.0 119.5 121.0 


ratio is known as the yield and can be conveniently expressed in terms of 
the volume of dry rodded aggregate (True Volume), and the True Mix. 
From Diagram II the ratio between the volumes of dry rodded aggregate 
and separate loose aggregates can be found, and by applying the yield 
factor corresponding to the True Mix used the total volume of sand and 
stone to produce a certain volume of concrete can be determined. ‘The 
proportion of sand and stone needed is known after the per cent of sand 
“f? is found. The yields are shown in the following Table III. They are 
based on a F. M. of about 5.8. For a I’. M. of 5.6 they should be increased 
about 1 per cent; for a I’. M. of 6.0 they should be decreased 1 per cent; 


and for a F. M. of 6.2 decreased about 2 per cent. No allowance for waste . 


is included. 


Ee ‘ 


Slump - Inches 


Slum 


Slump 


Slump- Inches 
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EXAMPLE OF A DESIGN OF CONCRETE MIXTURE. 


Suppose that we are given a concrete arch to build, the plans for 
which call for concrete in the abutments to have a strength of 2000 lb. and 
in the arch ring of 3000 Ib. per sq. in. 

The- aggregates furnished are sand, 0 to 4 in., and crushed boulders, 
3g to 11% in. We will assume, for trial purposes, for the 2000 lb. concrete, 
a F.M. of 5.8 and for the 3000 lb. concrete a F. M. of 6.0. The work is of 
such character that from Table II we find the slump to be used is 3 to 
4 in. To be on the safe side we will use, to design the mix, a 4 in. slump. 

Referring to Diagram I, we find that'to obtain 2000 lb. concrete, using 
a F.M. of 5.8 and a slump of 4 in. will require a True Mix of 1: 5.7; 
and 3000 Ib. concrete—F. M.—6.0, Slump 4 in.—a True Mix of 1: 3.8. 
For these approximate mixes we find, from Table I-a, that the correct F. M. 
would be 5.9 and 6.2. Referring again to Diagram I, and using a F. M. of 
5.9, we find for the 2000 Ib. concrete, the True Mix is 1: 5.8 and with a 
F.M. of 6.2 for the 3000 lb. concrete, the True Mix is 1: 3.9. That is, 
if we use one sack of cement with 3.9 cu. ft. of the dried and rodded aggre- 
gate, we can expect a concrete having a strength of 3000 lb. per sq. in. 

Suppose the sieve analysis shows that the sand has a F.M. of 3.25 
(M,) and the stone a F. M. of 7.75 (M,). Then from Formula 2: 


For 2000 1b. Concrete 


7.75—9.9 
oe =e 5 
M=59 r= Tay = 42% Sand when dry. 


For 3000 1b. Concrete 


7.75—6.2 
M 16:2 5 1 ae mwihenEanye 
7.75—3.25 

If the sand used were dry, we find from Diagram II (7 being 42 per 
cent for the 2000 lb. concrete) the ratio of True Volume to Nominal Vol- 
ume is 0.75. Then to produce 5.8 cu. ft. of dry rodded aggregate would 
require 5.8 + 0.75, or 7.60 cu. ft of sand and stone, giving a Nominal Mix 
of 1: 7.6. Of this, 42 per cent or 3.19 cu. ft. will be sand and 4.41 cu. ft. 
stone, and the proportions are 1: 3.19: 4.41. If the sand contained, say, 5 
per cent moisture it would require, (See table on Diagram II) 1.19 cu. ft. 
of such loose wet sand to make 1 cu. ft. of loose dry sand, and we would 
therefore have to use in the batch 3.19x1.19 or 3.80 cu. ft. of this wet 
sand, with 4.41 cu, ft. of stone, and the proportions become 1: 3.80: 4.41. 
The Nominal Mix is 1: 8.21, and the percentage of sand used is 3.80 ~ 8.21 
= 46.3 per cent. 

The Nominal Mix, for sand containing any amount of moisture, can 
be also read directly from Diagram II. Starting at 42 per cent on the 
curve for dry sand, and following the diagonal line up to the left to the 
point of intersection with the 5 per cent moisture curve, we find the factor 
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“R” to be 70 per cent and percentage of sand 46.5 per cent. Then the 
Nominal Volume is 5.8 + .70 = 8.28, of which 46.5 per cent is sand, 3.85 
cu. ft., and 4.43 cu. ft. stone, or practically what we get by computation. 

In the same manner we find for the 3000 lb. concrete, True Mix 1: 3.9, 
” — 35.2-per cent, that the factor for dry sand is 0.75; the Nominal Mix 
is 1: 5.20, and the proportions are 1: 1.83: 3.37. With sand containing 5 
per cent moisture the factor R is 0.705 and the Nominal Mix is 1: 5.53, 
and the proportions are 1: 2.16: 3.37. 

The variation in the Nominal Volume, and proportions, due to change 
in the moisture content of the sand, is ‘clearly shown by the above ex- 
ample. In dry weather the sand will rarely contain less than 2 per cent 
moisture, and even after heavy rains, more than 8 per cent, but the amount 
of moisture in it should be determined daily. This can be done by taking 
a small volume, not less than 0.1 cu. ft., and weighing it while wet. Dry 
it and weigh, the difference in weight being the weight of water. The 
weight of water divided by the weight of dry sand will give the percentage 
of moisture originally contained. 

Facilities are not always available for drying the sand, and a close 
approximation can be had as to the moisture content by determining the 
weight per cu. ft. of the wet sand. This weight can be found by filling a 
pail of known volume with the loose damp sand and weighing it. From 
Diagram III, the per cent of moisture can be found when the weight per 
cubic foot is known. This method is so simple, that the inspector can 
make the test several times daily, if necessary. 

It is not always practicable to change the amount of sand used in the 
batch, with each change in the moisture content, but it should be done 
whenever possible, or when the change is a material one. In establishing 
the batch it would be well to assume 2 per cent moisture in the sand, and 
when it is wetter, increase the volume of sand used if practicable. If the 
volume is not increased no particular harm is done, except that the mix- 
ture will be a little coarser or harsher, but this is not objectionable as 
long as it works well. 

If the F.M. of the fine or coarse aggregates, or both should change, 
the new value of r should be computed, and the proportions varied 
accordingly. 

Assuming that the mixer has a capacity of 30 cu. ft., we could use in 
each batch (5 per cent moisture in sand), for the 2000 lb. concrete, 3.5 
sacks of cement, 13.3 cu. ft. of sand, and 15.4 cu. ft. of stone, and for the 
3000 lb. concrete, 5 sacks of cement, 10.8 cu. ft. of sand, and 16.9 cu. ft. 
of stone. 

We will now determine the materials required for the structure, assum- 
ing that there are 1200 cu. yd. of 2000 Ib. concrete and 700 cu. yd. of 
3000 ib. concrete. 

For the 2000 lb. concrete the True Mix is 1: 5.8; the F.M., 5.9; 
slump 3 to 4 in.; aggregates 0 to 11% in. From Table III, interpolating 
and correcting for the F.M. of 5.9, we find the yield to be 101 per cent, 
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or to produce 100 cu. yd. of finished concrete would require 100 ~ 101 = 99 
cu. yd. of dry rodded aggregate. 

From Diagram II, using dry sand, we find to produce 99 cu. yd. of 
dry rodded aggregate would require 99 ~ 0.75 or 132.0 cu. yd. of sand and 
stone, measured separately, when in a loose or bulked condition. 

With a true mix of 1: 5.8 the amount of cement per 100 cu. yd. of 
finished concrete is (99 — 5.8) 27 = 461 cu. ft. or 115.25 bbl. 

Then for the 1200 cu. yd. of 2000 lb. concrete there would be required: 


SCRS TRIAS. c otto Qiens oe SCOR re ene ee 12 x 115.25 = 1383 bbl. 

Drys Sands and Stone: (qty lier - 12 x 132.0 — 1584 cu. yd. 
Dry Sand—42: per cent. or ... 1... 6.- 1584 x .42 — 665 cu. yd. 
Sand as received (4 per cent moisture) 665x 1.15= 765 cu. yd. 
SCONE —-OSADET uCeN tweet wey) stteeetene aye et == 9 9rcusyd: 


For the 3000 lb. concrete we find, in the same way, that 100 cu. yd. of 
concrete (F.M., 6.2; True Mix 1: 3.9; Slump 3-4 in.) would require 
100 = 106 — 94.3 cu. yd. of dry rodded aggregate, or 94.3 -- 0.75 = 126.0 
cu. yd. of sand and stone. And the amount of cement is (94.3 — 3.9) 
27 = 653 cu. ft. or 163.25 bbl. For 700 cu. yd. of such concrete would 
require: 


Wementd webct ccchyaeiehs G4 ole, Gahee ates 7 x 163.25 = 1148 bbl. 

Diya anda nds StONC sm skater tae looms 7x 126.0 = 888 cu. yd. 
Dry Sand—25 per cent ............. $88 x75 .90)——— oll cu. yd. 
Sand as received (4 per cent moisture) 311x 1.15= 358 cu. yd. 
FONE —-GCOmPCLCENL mA « treteucwers of tenet = 001 Cunyde 


The above quantities are net, and, for loss and waste, they should be 
increased about 2 per cent for cement and 5 per cent for the sand and stone. 


MIXING AND PLACING. 


Thorough mixing gives a better and stronger concrete. After all mate- 
rials, including water, are in the mixer, the concrete should be mixed a 
minimum of one and one-half minutes and probably not to exceed three 
minutes. Concrete mixed two minutes is about 25 per cent stronger than 
that mixed only 15 seconds; but after that time it increases in strength 
so slowly as not to justify the additional time. Thoroughly mixed con- 
crete is more plastic and more easily worked and handled, and will require 
somewhat less water to give equal slumps than when mixed for a shorter 
time. 

The mixed concrete may be run directly from the mixer into the forms, 
or may be conveyed in buckets, wheelbarrows or buggies and dumped into 
the forms, or elevated to the top of a tower and distributed to the various 
portions of the work by chutes. This latter method has come into common 
use, particularly when the concrete to be placed is some distance from the 
central mixing plant, and it has probably been largely responsible for the 
wet mixes heretofore used. Rather than build a tower of sufficient height, 
. lower towers with chutes having ‘flat slopes are used, and the concrete is 
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made wetter so that it will flow. Sometimes the chutes are so steep that 
the coarse aggregate separates from the mortar, and rolls down into the 
forms. In fact, the use of this appliance has been so abused that it has 
come into general disfavor, and is not permitted on some work. It is often 
necessary to use it, however, particularly where the concrete must be dis- 
tributed over a large area, from one central point, and if the aggregates 
are properly proportioned and the concrete thoroughly mixed, concrete can 
be successfully handled by chutes of proper design, without the use of 
excess water. 

The chutes should be of metal or metal lined, and the different sec- 
tions maintained at a uniform slope, which should not be flatter than 3 
horizontal to 1 vertical, or steeper than 14% horizontal to 1 vertical. <A 
slope of the chutes, between these limits, should be used which gives the 
least segregation and clogging with the established consistency. If the 
Contractor desires to use a flatter slope, which may result in clogging, the 
inspector should insist that men be placed to keep the chutes clear, and 
not permit the use of additional water over that specified. It has been 
shown that comparatively dry mixtures, if properly made, run more freely 
along the chutes than the very wet mixes. 

The end of the chute should be provided with baffle plates to keep the 
concrete from segregating as it drops into the forms, and where the end of 
the chute is more than 5 ft. above the surface of the concrete a spout 
must be used. The spout should be moved so as to deposit the concrete 
evenly over the area of the pit or form. When it is allowed to pile up the 
mortar runs out and it is impossible to get a concrete of uniform quality 
in the structure. 

As the concrete is deposited in the forms, it should be well spaded or 
tamped, and the coarse material kept away from the forms to insure a 
smooth finish. 

Finished concrete should be kept damp for two weeks, wherever pos- 
sible, especially in summer, as thorough curing will increase its strength, 
and consequently its resistance to wear, about 50 per cent. This is par- 
ticularly important in floors, and light re-inforced work, which dry out 
rapidly. 


CONCRETE IN CoLD WEATHER. 


Frozen concrete is caused by the freezing of the mixing water before 
it can combine with the cement in the hardening process. If frozen con- 
crete is thawed out and prevented from freezing again, it will harden prop- 
erly. However, continued freezing and thawing will injure the concrete 
and may stop the hardening process altogether. Mass concrete can be 
placed in quite cold weather if certain precautions are taken to prevent 
freezing during the first few days, or until it hardens. 

When the temperature is as low as 40 deg., both the aggregates and 
mixing water should be heated to a temperature of 175 to 200 deg. There 
is considerable heat generated in the concrete during hardening, and if this, 
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heat is retained, there is but little danger of freezing except in thin sec- 
tions. To retain this heat, the forms should be free from frost and ice. 
This can be accomplished with live steam, which will also warm the forms. 
The forms should be protected outside with canvas or straw for several 
days to prevent too rapid radiation. At the lower temperature it may be 
necessary to run steam lines between tarpaulin curtains and the forms. 

Floors and pavements can be covered with straw or shavings. Anti- 
freezing compounds will not be used. 

The warmer the concrete is kept the quicker it will harden, and, if 
possible, it should be kept at a temperature of about 60 deg. F. until it 
has hardened. 

The forms cannot be removed as quickly in cold weather as in warm 
weather, and before allowing it to take any load it must be definitely deter- 
mined that the concrete has hardened and is not frozen. 


RESPONSIBILITIES AND GENERAL DUTIES OF AN INSPECTOR. 


1. It is the duty of the inspector to see that the work is executed in 
full accordance with the plans and specifications. 


2. The inspector will be provided with complete plans and specifica- 
tions for the work and shall familiarize himself with all of their require- 
ments. 

Note.—tThe inspector should read and check off all dimensions and 
notes on the plans and list all special requirements in connection with 
the work to which they apply; when in doubt he should obtain instruc- 
tions sufficiently in advance of the work to avoid delay. 


3. The inspector shall familiarize himself with the Building Code or 
Regulations under which the work is being done, including all special rul- 
ings, which have a bearing on the type of construction under way. 


Nore.—The inspector should be familiar with auxiliary specifica- 
tions and the common tests for suitability of the materials used in 
concrete and re-inforced concrete work, such as: 


(a) Standard Specifications and Tests for Portland Cement. 
(b) Standard Specifications for Concrete Re-inforcement Bars, etc. 
(c) Standard Specifications for Concrete Aggregates. 


4, The inspector shall be on the work at all times when it is in 
_ progress. 


5. The inspector shall not permit work to proceed until requisite lines 
and levels have been established. 


6. The inspector is authorized to: 


(a) Forbid use of materials or workmanship which do not con- 
form to specifications ; 
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(b) Stop any work which is not being done in accordance with 
the plans and specifications ; 

(c) Require, with the approval of the engineer, the removal or 
repair of faulty construction. 


- 


7. The inspector shall report immediately to his immediate superior 
any action taken by him under Rule 6. 


8. The inspector shall report at once to his immediate superior any 
discrepancies in plans or specifications that may come to his attention, and 
request instructions. 


9. The inspector shall not permit any departure from plans or speci- 
fications without written instructions from his immediate superior. 


10. The inspector shall record and report daily the following infor- 
mation: 


(a) Date; 

(b) Location of work under way; 
(c) 

(d) 


ce) Name of contractor; 

d) Delivery, installation, and removal of contractor’s equip- 
ment; 

(e) Number and classification of laborers, teams, plant, etc., in 
use ; 


(f{) Materials received and on hand; 

(g) Inspection and location of forms erected and completed re- 
inforcement in place; 

(h) Location and approximate quantities of concrete placed and 
bags of cement used; 


(i) Time of commencement and completion of placing concrete; 
(j) Number and location of samples taken; 

(xk) Nature and time of any control tests made; 

(1) Forms removed; 
(m) All items on force account work; 

(n) 


Weather conditions, and temperature readings taken morn- 
ing, noon and evening, including also the maximum and 
minimum temperatures during each preceding period; 

(o) Material rejected or work condemned under Rule 6; 

(p) Disposition of rejected materials; 

(q) Any special instructions given to contractor; 

(r) Any unusual features of the day’s work; 

(s) Signature of inspector. 


Nore.—It is not expected that the inspector shall act as time- 
keeper or materials clerk; but will record the data called for and, so 
far as possible, indicate the source of the information. For conven- 
ience, the inspector should be supplied with printed forms for daily 
reports. 
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11, The inspector, on force account work, shall check over with the 
authorized representative of the contractor, at the close of each day’s work, 
all items included therein. 


EXCAVATION AND FOUNDATION. 


12. The inspector shall examine the finished excavation and determine 
whether it is down to the level specified and see that the material on 
which the foundation is to rest is satisfactory. If excavation is to go to 
rock he shall see that the surface of the rock is sound and completely 
exposed. He shall secure the approval of the engineer before permitting 
conerete to be placed. 


13. The inspector shall see that the required number of piles are 
driven, each in its proper location and to the penetration required by the 
specifications. 

® 

14. The inspector shall check the piles in each group after driving and 
should report any pile which is materially out of line. He shall keep a 
record of: 


(a) Method of driving; 

(b) Type of pile; 

(c) Length of pile; 

(d) Diameter of pile; 

(e) Total depth of penetration ; 

(f) Type and weight of hammer; 

(g) Drop of hammer under iast five blows; 
(h) Penetration of pile under last five blows; 
(i) Number of piles driven; 

(j) Number of piles specified ; 

(k) Length of pile under cutoff. 


15. The inspector shall see that the requirements of the specifications 
for placing concrete under water are strictly followed. In the absence of 
specifications, standard methods shall be used. 


Nore.—In placing concrete under water it is highly important 
that extra precautions be taken by the contractor to execute the work 
properly in order that the concrete may have adequate density, be 
free from segregations, or the washing out of any of the materials, and 
to avoid exposure of freshly deposited concrete to running water. 


MATERIALS, 
16. The inspector shall: 
(a) Inspect and identify each lot of material upon its receipt on 
the work; 
(b) Keep a careful watch of aggregates, especially if the source 
of supply is changed from time to time; 
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(c) Make frequent sieve analysis of aggregates; 

(d) See that aggregates are clean and properly graded; 

(e) See that aggregates are free from vegetable or animal mat- 
ter as determined by the Colorimetric Test; 

-(f) See that materials are properly stored on the work; 

(g) See that the cement is properly piled and tagged; and housed 
in such a manner as to protect it from the weather. 


Aggregates should be piled in such a manner as to insure them against 
intermingling of foreign materials. 
Metal re-inforcement should be stored preferably under shelter. 


17. The inspector shall observe the following in selecting samples 
where tests of concrete materials are required under the specifications: 


(a) Secure at least a 20-lb. sample of fine aggregate; 

(b) Secure at least a 50-lb. sample of coarse aggregate; 

(c) Give complete information concerning the sample (both on 
the inside and on the outside of the package) ; 

(d) Samples shall be shipped in a strong sack or tight box; if a 
sack is used it shall be clean. 


Nore.—Tests on materials are worthless unless sampling is prop- 
erly done. Particular care must be used in sampling aggregates under 
the following conditions, so as to get an average sample: 


(a) Aggregates in undeveloped pits; 
(b) Coarse aggregate in cars or stock piles. 


METAL RE-INFORCEMENT. 


18. The inspector shall see that the metal re-inforcement, before be- 
ing positioned, is cleaned of mill and rust scale, and of coatings of any 
character that may destroy or reduce the bond. He shall reject re-inforce- 
ment appreciably reduced in section. If there is delay in deposting con- 
crete he shall re-inspect the re-inforeement, and, when necessary, shall see 
that it is cleaned. 


19. The inspector shall see that the required bending of bars is un.- 
formly and accurately done. 


Note.—Bends can be more uniformly and accurately made by 
machine than by hand. In case a considerable number of bars are 
to be bent alike, it is advisable to bend one, put it in position and 
check the bends before bending the others, to insure proper location 
and degree of bends. 


20. The inspector shall see that the re-inforcement is of the specified 
size, bent in accordance with the specifications, and properly positioned in 
the forms before placing the concrete. 
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Norr.—The inspector should not wait until the metal re-inforce- 
ment has been wired substantially in place before passing on the cor- 
rectness of its position, but should inspect the re-inforcement during 
its placing. 


The inspector should inform himself as to the details for the placing 
of the re-inforcement, especially as to size, length, bending, laps, and 
splices, and in case of doubt should secure instructions. 


21. The inspector shall see that the bars are rigidly secured and that 
they are not displaced during the placing of the concrete. 


22. The inspector shall see that all joints and splices in metal re- 
inforcement are located and made in full accordance with the specifications. 


MIXING AND PLACING OF CONCRETE. 


23. The inspector, in order to secure the proportions and mixing re- 
quired by the specifications, shall: 


(a) Check the capacity of wheelbarrows and hoppers, or other 
measuring devices, and see that the method of loading 
them will secure uniformly the specified proportions; 

(b) Record total quantities of cement and aggregates used; 

(c) See that the specified consistency is maintained throughout 
the work; 

(d) See that the time of mixing is that specified; 

(e) See that changes in proportions and consistency are carried 
out; 


24. The inspector shall see that the concrete is placed in accordance 
with the specifications, and specifically that: 


(a) The method of conveying the concrete is as specified; or in 
the absence of specifications that it is such as to avoid 
segregation or the formation of excessive laitance; 

(b) The concrete is placed in the form as near as possible to the 
point of its final location and is not permitted to flow 
long distances in the form; 

(c) It is properly spaded or tamped so as to fill the forms and 
surround the re-inforcement; 

(d) It is properly spaded or forked to keep the coarse aggregate 
away from the forms so as to insure a smooth surface; 

(e) The concrete is placed continuously without undue delay in 
each unit of the structure; 

(f) Construction joints are made in accordance with the specifica- 
tions; in the absence of specifications, that written in- 
structions are obtained from his immediate superior. 

(g) The concrete is poured in a continuous operation between 
construction joints; 
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(h) Where night work is necessary, adequate precautions as to 
lighting, etc., are taken; 

(i) That at the end of each day’s pouring in all work above the 
foundations, finishing strips are nailed in the forms in 
a horizontal plane and the concrete finished to them; 

(j) That all laitance is removed and the surface thoroughly 
cleaned before depositing the new concrete; 

(k) All anchor bolts, inserts, pipe sleeves, wiring, drainage pipes, 
flashings, conduits and other fixtures are in position as 
required by the plans and specifications before the con- 
crete is placed; and that conduits and other equipment 
are built into the slab in such a manner as not to affect 
the position of metal re-inforcement or weaken the 
member at critical sections; 

(1) The specified precautions are~strictly observed when it is 
necessary to place concrete in cold weather; 

(m) A prompt report is made where conditions require additional 
fittings or where installations not called for in the 
specifications should be in position before the concrete 
is placed. 


25. The inspector shall see that the freshly-placed concrete is pro- 
tected and kept moist in accordance with the specifications. 


‘ForMs, 


26. The inspector shall examine the forms before placing concrete and: 


(a) Check same as to location and dimensions; 


(b) See that the surface of the form is oiled or wetted in accord- 
ance with the specifications: 
(c) Report immediately any seeming lack of strength in forms 


which would permit bulging or sagging between sup- 
ports. 


Nore.—This pressure amounts to over 100 lb. a square foot of sur- 
face for each foot of depth, where the form is filled in 40 minutes or 
less. It is very difficult and usually impossible with the equipment 
available to force a form back into position after it has shifted or 
sagged out of place while being filled. 


(d) See that the column and girder forms are straight and prop- 
erly aligned; 

(e) See that foreign materials, such as chips, blocks, and shay- 
ings are removed from forms before concrete is placed. 
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REMOVAL OF FORMS. 


27. The inspector shall see that the forms are removed: 


(a) At the time and in the manner required; 
(b) With care so as not to injure the structure or mar the sur- 
face of the concrete. 


28. The inspector shall see that: 
~(a) The forms are not removed until the concrete has hardened 
sufficiently for safety; 
(b) Special precautions are taken to protect the concrete during 
cold weather. 


Norr.—Concrete hardens very slowly at a temperature below 50 
deg. F. and setting action is scarcely perceptible at temperatures below 
40 deg. F. The time during which the concrete has been exposed to 
temperatures below 40 deg. F. should be added to the periods ordi- 
narily required in determining the time of removal of forms. 


(c) Any uncertainty as to the conditions affecting the removal of 
forms is promptly reported to-his immediate superior; 

(d) Defects in the surface of the concrete are repaired promptly 
upon the removal of forms; 

(e) Heavy loading on green concrete is not permitted. 


WEIGHING CONCRETE AGGREGATES ON HIGHWAY PAVEMENTS. 
By R. W. Crum.* 


As a result of experience in weighing concrete aggregates upon two 
concrete paving contracts in 1923, the Iowa Highway Commission has 
adopted the actual weighing of aggregates on road pavement construction 
as standard practice. No startling revolution in results on these two jobs 
was noted, but concrete as good or better than other concrete made of the 
same materials was produced, and some improvement in uniformity was 
noted. After the next construction season, we will have much more exten- 
sive data from the construction of our 1924 program, and from cores to be 
cut from the work done this year. Our experience has been entirely satis- 
factory thus far, and in view of the facts that: (1) the method entails 
no added cost, (2) no loss in time or decreased production occurs, (3, 
weighing is admittedly a much more accurate way of measuring granular 
materials than by loose volumetric measurements, and (4) that a valuable 
record of the amounts of materials used is secured, our only doubt is 
“why did we not take up this practice “sooner.” 

Several conditions contributed to our desire to try out this method of 
handling aggregates. 

Fig. 1 showing the daily variation in sieve analysis of the aggregates 
on a paving job, is typical of the results secured by the methods in cus- 
tomary use. The range in strength of the concrete is also shown. These 
data are the result of taking a sample from the road each day. Two 
6x 12-in. cylinders were made and sieve analysis made on a part of the 
sample after removing the cement by washing. The specified dividing line 
between fine and coarse aggregate was the sieve of 0.185-in. opening and 
the mix was based on 33 per cent of sand in the total aggregate. If the 
aggregates had been screened within the tolerance limit of 5 per cent and 
had all been accurately measured all of these lines would have fallen in 
a range of 5 per cent at the base point instead of the 20 per cent that was 
actually the case, with a corresponding improvement in the uniformity of 
the concrete. In attempting to better this condition, we found ourselves 
continually in controversy with contractors over the types of measuring 
boxes they wished to use, and many times we had to compromise on equip- 
ment which fell a long way short of our desires. We realized of course 
that we might improve this condition by making very rigid requirements 
in the specifications as to the measuring boxes, but it also occurred to us 
that it would also be possible to better control the mixtures by actually 
weighing the materials. This came the more naturally because the Iowa 
Highway Commission has for several years specified the proportions for 
paving mixtures by weight, and a part of our trouble has come from the 


*Towa State Highway Commission, Ames, Ia. 
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necessity of converting our weight proportions into volumes, and the fur- 
ther necessity of changing mixtures due to changes in unit weight of raw 
materials. * 
‘s = not claim that in theory, weight measurements are any better 
han volumetric measur if racteristics 

measurements, for if all the characteristics are known, the 

pr oportions can be specified in either way to yield the same result, but we 
do believe that measurements by weight will be better made and more con- 
sistently accurate. 
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FIG. ].—VARIATION IN CONCRETE. 


Material, screened sand and grayel; nominal mix 1:2:3% by volume; fineness 
modulus 517 to 683. 


Another important factor in the uniformity is the moisture content of 
the aggregates, especially of the sand. There is no doubt that variations 
in moisture content have a large bulking effect upon the sand and there- 
fore a corresponding effect upon volumetric measures. Of course, if the 
proportions are based upon dry materials, changes in moisture will be on 
the safe side and the concrete will be richer, and the contractor will be 
out some extra cement, but the concrete will not be uniform. I assume, 
however, that what we want is a uniform mixture that will not contain 
more cement than the contractor is led to expect. By using weights, cor- 
rections for moisture can be easily and frequently made. 


*See A. S. T. M. Proceedings, Vol. XIX, p. 458, for a discussion of Iowa 
eonditions. 
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Consider the possible effect of moisture upon a typical case. A 
1:2: 3% mixture of dry materials would require, to make concrete 80 per 
cent dense, 1.42 bbl. of cement per cubic yard. If the sand used should 
contain 2 per cent of moisture, the result would be the use of 1.506 bbl. of 
cement per cubic yard of concrete. On the other hand, had the materials 
been weighed in the weight proportion equal to the 1: 2: 3% of dry mate- 


Weight jn Fournds per Cubic Foot 


Fer Cant of -Io1sture 
FIG. 2.—_MOISTURE WEIGHT CURVE, SAND AND GRAVEL MEASURED LOOSE. 


rials, the cement content for the 2 per cent moisture would be 1.43 bbl. per 
cubic yard, and even this increase could be lowered by correcting the 
weights for the moisture content. These figures are based on the follow- 
ing unit weights, from actual tests, as shown in Fig. 2. 


Sand dry 101.6 lb. per eu. ft. 
Sand 2 per cent moisture 83 Ib. per cu. ft. 
Gravel, dry 100 lb. per cu. ft. 
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A valuable result from weighing the materials is an accurate record 
of the amount of material actually used in the structure. Since such mate- 
rials are customarily bought and sold by weight, such a record should be 
of great value, especially to the contractor. At several times in the past 
few years, settlements between the Highway Commission, contractors, ma- 
terial producers, and carriers would have been greatly facilitated had such 
a record been available. In one case, a paving contractor was billed for 
sand and gravel and freight at such a rate that every cubic yard of con- 
crete he made would have contained 3900 Ib. of sand and gravel. In the 
proportions specified, this would have meant the production of concrete 


FIG. 3.— CENTRAL MIXING PLANT OF THE E. F. LYTLE CONSTRUCTION CO., 
WOODBURY CO., IOWA. 


105 per cent dense. The producer of the material recognized this absurdity, 
and settled for a more reasonable amount, but this settlement was on a 
guess and not based on facts as it would have been had the material been 
weighed when mixed. 

As in the case of moisture variation other conditions, such as changes 
in grading, may make it desirable to make slight changes in the mixtures. 
At the present time such changes are seldom made, but when materials are 
weighed it is very easy to make such changes and thus take advantage of 
another opportunity to produce more uniform concrete. 

We have felt that the advantages mentioned above are obvious and in 
the light of our experience upon actual construction, we feel that by using 
this system a much more favorable condition will be set up for securing 
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uniform results than has heretofore been the case. All paving contracts 
on the Iowa Primary road system for 1924 will be let on this basis. About 
100 miles is already under contract. 

Haperience—On two contracts completed last season the aggregates 
were weighed. One contract involved construction of about 20 miles of 
concrete road slab in Woodbury County, Iowa, 18 and 20 ft. wide and 
8 in. thick, the other about 2 miles in Buchanan County, Iowa, 18 ft. 
wide, 8 in. thick. In both cases the aggregates were sand and screened 
gravel. The characteristics of the materials were as follows: 


SAND. 
Woodbury Co. . Buchanan Co. 
Per cent passing Sieve No. 4............... 97.6 97.8 
A Se ee Ege 4S Gees oe ruernanees 79.5 82.0 
een “3 en ORs Retro yet ane SOO 65.3 
i ss ss SOT OE el tree aie ee 38.1 39.7 
ee ee pee te ar: Perterar Pees ego) 11.5 9.8 
¢ eS a eebotn nel eae een eres iy Br ahs 1.1 1.0 
Ber’ cent-of silt peters mata coe cc eters 1.0 0.7 
Percentageof rottenastone: san. ter aero nee 0.5 
Percentage of shale 4.5 aise tt dae ae sore 0.1 
Wieloht sper cubics toot snes eee ieee nae og 94 lb. 
GRAVEL. 
Woodbury Co, Buchanan Co. 

Per cent) passing, Sieye 146 cinta. cee eros 80 84 
eh e SO ASS 5 iaedinaecrne mee 55.5 43 
es ie Si OREN SRS Cte ee ene 26.7 14 

ae he % Sp NORA oem nee 5.5 2 
Weight sperscubic foot meen aera an ae 108 Ib. 
Percentage of rotten stone. .....-..2.-.+-0 Neri 1.0 
Percentage: of shale oie. eee eee 0.1 0.0 


The Woodbury County installation consisted of an ordinary bottom 
dumping hopper suspended by means of a lever weighing system from the 
overhead bins, the load being read by means of a Toledo dial scale. The 
mixture by weight was 1: 2.17: 2.17, and each batch contained fourteen 
bags of cement, 2850 Ib. of sand and 2850 lb. of gravel. The sand and 
gravel were weighed separately. The cement was not weighed, but taken 
as 94 lb. per bag. This was a central mixing plant, the weighing hopper 
discharging into a 2 yd. mixer. Figs. 3 to 7 are pictures of this installa- 
tion. 
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FIG. 4.—SAME PLANT AS SHOWN IN FIG. 3. 


—WASHING HOPPER AND TOLEDO DIAL SCALE. 


FIG. 
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FIG. 6.—TARE BEAMS OF TOLEDO DIAL SCALE. 


FIG. 7.—PAVING OPERATION, E. F. LYTLE CONSTRUCTION CO., WOODBURY CO., 
IOWA. MAXIMUM HAUL OF CONCRETE 10 MILES. 2 
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In Buchanan County, the contractor used an industrial railway outfit 
with a Koehring 34E mixer on the grade. The batch boxes were loaded 
from overhead bins having eight measuring hoppers, four for sand and 
four for gravel. Each hopper rested directly upon the weighing platform 


FIG. 8.—INDUSTRIAL RAILWAY PLANT, NORTHERN STATES CONTRACTING CO., 
BUCHANAN CO., IOWA. 


of a Fairbanks scale of 8000 Ib. capacity. The size of each batch was, 
10 bags cement, 1607 Ib. sand and 3262 Ib. gravel. This installation was 
very satisfactory and caused no extra labor cost or loss of time. So far 
as we can tell, the use of the weighing equipment has added practically 
nothing to the cost of the pavement. Figs. 8, 9 and 10 are pictures of this 


installation. 
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rIG. 9—SAME PLANT AS SHOWN IN FIG. 


FIG. 10.—WEIGHING HOPPER AND FAIRBANKS PLATFORM SCALE. 
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Resulis.—Since there are several other factors affecting the uniformity 
of concrete, it is not to be expected that this change in method of measur- 
ing materials will entirely revolutionize the quality, but since this is a very 
important factor some improvement in uniformity is to be expected. Reli- 
able comparative data as to the strength of the concrete will not be avail- 
able until test cores are taken from these pavements next summer. How- 
ever, 6x 12-in. cylinders were made daily and the strength tests of these 
cylinders are of interest. These data are shown on Figs. 11 and 12. Data 
are shown for the work upon which the aggregates were weighed and for 
corresponding volumetric measured jobs constructed of the same materials 
and under similar conditions. 
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rig. 11.—DAILY VARIATION IN CONCRETE. 


In the Buchanan County work, a considerable less variation is noted 
on the work where the aggregates were weighed. In Woodbury County, 
no improvement in uniformity is shown by the cylinders. An explanation 
of this will be discussed later. 

Another method of estimating the uniformity is by means of sieve 
analysis after the concrete is made. Every day a sample of fresh concrete 
was taken from the road, the cement removed by washing, and the aggre- 
gate separated by a No. 4 screen into its component parts of fine and 
coarse aggregate. If the aggregates had been perfectly screened to begin 
with, and the measurements had been exactly right each sample would 
have yielded the relative amounts of fine and coarse aggregate upon which 
the mixture was based. Figs. 11 and 13 show the actual variation. In 
the Woodbury County case, only a slight improvement may be noted. 
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FIG, 12.—DATA FROM PAVEMENT CONSTRUCTION, WOODBURY CO., IOWA. 
STRENGTH OF CAST CYLINDERS. 


Per Cent Passing No.4 Sreve 


Volume 


Volume 


Volume 


Volume 


FIG. 13.—DAILY VARIATION PERCENTAGE OF SAND IN AGGREGATE, 
WOODBURY CO. 
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Since the screening tolerance of the specifications is 5 per cent, the sig- 
nificant figure is the percentage of the samples which fall within the toler- 
ance limit which ranges from 2% per cent below to 214 per cent above the 
base ratio of fine to coarse aggregate. 

In the case of the Buchanan County work, a decided improvement can 
be noted although the data is more meager. 

The indication from these data is that, if the materials are well 
screened, satisfactory increase in uniformity can be secured by weighing 
the aggregates, but that if materials are poorly screened the advantage 
from weighing the aggregates will probably be lost. 

The Buchanan County materials were thoroughly screened. The 
Woodbury County materials were from an overloaded plant and were 
poorly screened. 
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FIG. 14.—MOISTURE IN SAND, PAVEMENT CONSTRUCTION, WOODBURY COUNTY, 
IOWA. 


PuLant INSPECTION RECORD. 
No. of cars 

of gravel No. of Per cent passing No. 4 screen 
represented Tests Maximum Average Minimum 
SeUChAananie COe tas cena a 120 101 3.00 2.43 1.00 
Woodbury Co. ........ 1057 342 18.00 7.95 2.60 


Moisture—In Woodbury County, determinations of the amount of 
moisture in the sand was made about four times each day, and in the 
gravel about once each day, and the weights were corrected for moisture 
content. These data, shown in Figs. 13 and 14, are interesting and show 
the range to be expected. In this case there appears to be very little 
difference in the range of moisture content between the stock pile, and the 
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individual cars as they arrived. The sand was loaded very wet and the 
railroad haul was about 40 miles. It is interesting to note in the case 
of the sand that the moisture content ranged in general from about 344 to 
51% per cent. The effect of this variation on the Woodbury County mix- 
ture would cause the cement content. of the concrete to vary only from 
99.5 per cent to 100.5 per cent of the estimated amount of cement and it 
would therefore appear that under given conditions a moisture correction 
could be established from which only very occasional departures would 
need to be taken. The same thing is also true of the gravel, the moisture 
range being from 1.5 per cent to 3.5 per cent. 

The weighing of the aggregates in itself is undoubtedly an improve- 
ment in the detail of measuring, but in order to secure the full benefit 
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possible, it will, be necessary to increase our care in the control of other 
details, especially the grading of the coarse aggregate, the separation be- 
tween fine and coarse aggregate, and the amount of water ‘used in mixing. 
It is of course of no avail to specify such accurate methods of measuring 
if the concrete is allowed to vary from dry to sloppy consistency. Although 
we have not yet tried, it seems to the writer, that if the moisture content 
of the aggregates as used is known, it should be entirely possible to specify 
a definite water-cement ratio and secure concrete of uniform consistency. 
We intend to try and work this out in a practical way this summer. 

As respects the separation of the fine and coarse aggregates, it was 
noted above, in the case of the Woodbury County work, that the wide 
variation in the percentage of sand found in the coarse aggregate, obviated 
to some extent the benefit of weighing. It will probably not be practicable 
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to use a screen tolerance of less than 5 per cent, but we believe that a 5 per 
cent tolerance can and should be rigidly enforced. As a matter of fact, 
5 per cent has been our specified limit for the last four years, and we 
have generally had successful results. We were rather unusually unfor- 
tunate in the case noted. 

Another characteristic of coarse aggregates, especially when handled 
to and from large stock piles is segregation in various parts of the pile 
of materials varying widely in grading. This will of course under certain 
conditions cause a decided lack of uniformity no matter how the materials 
are measured, The particular condition under which this effect is the 
worst, is when the mixture is such that the mortar is just barely sufficient 
to fill the voids in a well graded coarse aggregate. The common 1: 2: 4 
is such a proportion. In most cases, a decided improvement could be made 
by stationing a competent inspector at the stock pile to make sure that the 
materials are handled in such a way as to secure a minimum of segrega- 
tion, but there are at least two methods of curing the condition more 
effectively. One would be to have the materials furnished in several sizes 
and have them carefully mixed by weight as is now done in the case of 
asphaltic concrete mixtures. The other, and this is a practice that has been 
used by the Iowa Highway Commission, is to so design the mixture that 
there will be an excess of mortar over the voids in the coarse aggregate, 
in which case most authorities are agreed a considerable variation in the 
coarse aggregate would have little effect upon the quality of the concrete. 

I believe it is generally agreed that concrete as made in most cases at 
the present time is sadly lacking in uniformity, and that improvements in 
methods of contro] are a vital necessity. This paper presents such observa- 
tions as we have made on the results of what appears to us to be one 
obvious method of improving control. We hope that this method will be 
tried at other places and on other classes of work. In conclusion, I wish 
to emphasize again the importance of the problem of control of concrete 
fabrication, and the necessity of making careful investigation of all possi- 
bilities that may appear. 


DISCUSSION. 


(By Letter.) 


N. C. JoHNSON.—I want to commend especially the first and second 
sentences of the second paragraph of the paper. In these two sentences 
the author has touched the very heart of the somewhat lamentable con- 
crete art as it is practiced, virtually under the control of a labor force. 

I note from the illustration that the author used standard scales; 
whereas, as will be seen by the view herewith of an improved and more 
accurate weighing device in 1%-in. scale model, I use a self-contained 


apparatus carrying gates and all. In the improved form it may be used 
on any angle, and is so sectionalized as to be knocked down for storage. 

I am not an expert in the weighing art, but I am given to understand 
by a scales manufacturer that the large lever arm scales, such as the 
author seems to be using, show a very material inaccuracy. I am advised 
that the only really accurate scale is one having equal lever arms; and to 
approach this accuracy, the new apparatus carries a one-to-three lever 


arm for sand and stone, and an equal lever arm for cement where this is 
to be weighed. 
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I agree with the author that it is better to use bag cement than to 
weigh it. 

With a greater degree of accuracy, I wonder whether it is necessary 
to calculate the moisture content? My own data seems to show that the 
actual silica error is about 53 lb. per yard with greater or less commercial 
quantities of water, as found in commercial materials. This error is 
practically negligible; and with such weighing it is found that a fixed 
quantity of water will give a fixed consistency. 


ECONOMIC VALUE OF ADMIXTURES 
By J. C. PEARSON * AND FRANK A. HITCHCOCK.* 


By admixtures we mean substances other than cement, aggregates and 
water which are added to concrete mixtures for the purpose of imparting 
to the latter certain improved qualities. Admixtures of many different 
kinds have been marketed and used, but we are more accustomed to think 
of the term as applying to finely divided materials, of which hydrated lime 
is probably the most familiar example. Such admixtures are claimed to 
improve the plasticity or workability of conerete and mortars, and there is 
no doubt that this effect is pronounced in the case of mortars. Neverthe- 
less it is a fact that this property is not readily susceptible of measure- 
ment, and so far as we are aware, no method has been devised for deter- 
mining which of two mortars, nearly alike in plasticity or workability, is 
actually superior in this respect. (To avoid confusion we shall consider 
plasticity and workability to have the same meaning throughout this dis- 
cussion. ) 


This question is of considerable economic importance, for if by any 
means a mortar or concrete mixture can be made more plastic and still 
serve its ultimate purpose satisfactorily, it means a saving in labor cost, 
and a more uniform product under given labor conditions. We believe that 
the importance of this question has been grossly under-estimated, probably 
for the reason that there has been no answer to it. 


About two years ago the authors seriously took up the problem of 
finding a method of comparing the workability of concrete mixtures. Pre- 
vious to that time abortive and unsuccessful attempts to measure this 
quality had led to a single conclusion—that the difference in workability 
was there, and that neither the slump test nor the flow table furnished any 
information on this elusive property. We knew, as everyone knows, that a 
1: 2: 4 mixture of a given slump or flow or “consistency” was easier to mix 
and place in forms than a 1: 3: 6 mixture of similar consistency, but what 
was it that one could put his finger on and measure, to demonstrate that 
the former was easier to handle and place in forms? We tried many 
methods—direct methods, such as measuring the amount of work necessary 
to move a concrete mixture from one place to another; but this failed be- 
cause we could not tell when the transfer had been completed. We tried 
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indirect methods, such as measuring the tendency of the concrete to retain 
its mixing water in a filter; we had fair success with methods of measuring 
segregation, but these failed when the concrete approached anywhere near 
the same degree of workability. After much study we came to the con- 
clusion that the most obvious difference between concretes of different work- 
ability was the tendency of the harsher mixes to allow their solid constitu- 
ents to settle and pack at the bottom of the mass. Then followed a search 
for a method of measuring this packing, and finally we devised a simple 
penetration test which was described last year before the American Society 
for Testing Materials. 


PENETRATION TEST FOR WORKABILITY. 


This test is only a partial solution of the problem, but it is of interest 
because it has enabled us to demonstrate and compare the effects of ad- 
mixtures on workability. 

The apparatus is shown in Fig. 1, in which M is a 6 in. by 12 in, 
cylindrical mold with a tight bottom mounted upon a small table which 
can be raised and dropped about one-tenth of an inch by means of a cam. 
A spider # is mounted on top of the mold carrying a sleeve S into which 
a close fitting steel rod about 20 inches long can be introduced in alignment 
with the axis of the mold. In our most recent experiments the rod is 
tapered to a 45° cone on its lower end, and is graduated in such manner 
that the depth of the lower end below the top of the mold is read directly. 

The batch of concrete to be tested is placed uniformly in the mold and 
first compacted by 30 drops of the table, then the rod is inserted in the 
sleeve and lowered gently into the concrete until it comes to rest under its 
own weight. The cam shaft is then turned and the mold full of concrete 
is successively raised and dropped in such manner as to allow a reading on 
the rod after each impact. The test is regarded as complete when the rod 
has penetrated the concrete to a depth of 10 inches. From the data of the 
test a penetration curve is obtained of the type shown in Fig. 2. It is 
obvious that the richer or more plastic the concrete mixture, the more 
readily will the rod penetrate to the prescribed depth, and the number of 
impacts required to cause the rod to reach the 10-in. mark is therefore a 
rough index of the workability of the mixture. 

In actually making comparative tests it is found desirable to take as 
an index of workability, not simply the number of impacts required to pro- 
duce a penetration of 10 inches, but the area under the penetration curve. 


1A Penetration Test for the Workability of Concrete Mixtures with Par- 
ticular Reference to the Effects of Certain Powdered Admixtures, by J. C. Pear- 
son and Frank A. Hitchcock, Page 276, Vol. 23, Part Il, A. S. T. M. Proceedings, 
1923. 
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This procedure is quite arbitrary and is adopted in order to obtain a figure 
from the entire curve, rather than a single poiut on the curve. The work- 
ability figures so derived are high for the harsh working mixtures, and low 
for the plastic mixtures. It is important to note that these workability 
figures have no real significance in themselves, and are not directly pro- 
portional to the amownt of work required in mixing, handling and placing 
the coneretes from which they are derived. They merely indicate the order 
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of workability of different mixtures, and permit us to determine whether 
- one mixture is about the same or better or worse than another. In the 
long run these figures have been found to be reliable indices of the work- 
ability of concrete mixtures in so far as we are able to judge this quality. 
and we have therefore accepted the test as a partial solution of the prob- 
lem—useful until some better test is devised. We have added to this paper 
a brief supplementary discussion of the defects of the penetration test, and 
of the possibilities of arriving at a more general solution of the problem. 
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EFFECT OF ADMIXTURES ON PROPERTIES OF THE FINISHED CONCRETE. 


Having established by means of the penetration test a marked differ- 
ence in the workability of concretes gauged to the same consistency by the 
flow table, we believed it desirable to confirm the earlier tests by a some- 
what moré extensive investigation, and at the same time to examine rather 
closely some of the effects of admixtures. on the finished concrete, in order 
that the evidence for and against the use of admixtures may be properly 


weighed. For example, the strength of the richer concretes is generally _ 


reduced slightly by the use of admixtures. It is important to know whether 
this is really serious, and whether and to what extent the reduction in 
strength is offset by the gain in other respects. 

We therefore planned this investigation in such a way that the data 
obtained would help to answer the following questions: 


1. Were our original determinations of the effectiveness of different 
admixtures correct—that is, could we check our conclusions by using those 
admixtures in different proportions in such manner as to give concretes of 
the same workability? 


2. Is the reduction in strength of conerete containing admixtures in 
small proportions serious? 


3. Is the effect of admixtures on strength of concrete more favorable 
under average job conditions than under standard laboratory conditions? 


4. Is the settlement or shrinkage of the plastic concrete greater when 
admixtures are used than when they are not used? 


5. Do admixtures increase the “yield” of concrete sufficiently to effect 
an appreciable saving in cost? 


6. To what extent are the voids or the density of concrete affected vy 
the use of admixtures? 


7. Do admixtures tend to prevent loss of water from the concrete by 
evaporation under dry or partially dry storage conditions? 


8. Is the use of admixtures considered advantageous and advisable, 
all things considered? 

With these questions in mind the following program of tests was 
planned and carried out. 


Admiatures—Hydrated lime, kaolin, and diatomaceous earth (celite), 
which had been used in the earlier investigation were used in this. From 
the previous tests we had estimated the effectiveness of these materials as 
approximately proportional to the numbers 1, 2, and 3, when used in equal 
parts by weight. In these tests, we therefore took of hydrated lime 5, 10 
and 15 per cent, of kaolin 31/3, 62/3 and 10 per cent, of celite 1273, 
31/3 and 5 per cent, by weight of the cement. We also selected three ad- 
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mixtures of the calcium chloride type which were known to possess differ- 
ent characteristics. Two of these were proprietary compounds, and one was 
a 4 per cent solution of commercial chloride. 


Basic Concrete Mixtuies—For convenience we decided to use the weight 
proportions 1: 1144: 3, 1: 2: 4, 1: 214:5 and 1: 3:6. All three proportions 
of admixtures were used in the two leaner mixtures, but the highest per- 
centages of admixtures as given in the foregoing paragraph were omitted 
from the two richer mixtures. 


Coarse Aggregates—Potomac River Gravel, washed, screened and recom: 
bined in the proportions of 50 per cent %4 in. to % in. and 50 per cent 
% in, to % in. was used in all mixtures without variation. 


Fine Aggregates—Two lots of Potomac River sand were used. The 
first lot was prepared for the entire series by mixing and sacking in damp 
condition to insure uniformity. This sand had a fineness modulus of 2.91 
and gave a very harsh working mixture in the 1: 3:6 combination. In 
fact some of the workability readings on this mixture were lost through 
failure of the rod to penetrate to the 10-in: depth. On this account the 
sand was discarded after 60 per cent of the specimens had been made, and 
the remainder of the program was carried out with a new lot of prepared 
sand having a fineness modulus of 2.71. This second lot of sand gave a 
distinct improvement in workability, but did not appreciably diminish the 
strength of the concrete. The sieve analyses of the two sands were as 
follows: ; 


Retained on Sieve, per cent. 
Fineness 
Sand. ] Modulus. 
4 8 16 30 50 100 
WOaTseH een. ee eee “2.5 | 19.01) 34.6 | 53.2 84.8 | 97.2 2.91 
[Mut A Sap hus ee Sen lou 20 es Zora eSO sl Oors Py till 


Oement—A well-known brand from the Lehigh district, meeting the 
specifications, was carefully prepared and used in all batches. 


Age at Test, Consistency and Storage—All test pieces were broken at 
28 days. The flow was held as closely as possible throughout the series to 
a figure between 95 and 100, a good reinforced concrete consistency. One 
complete set of cylinders was stored in the damp closet, one complete set 
out of doors on the north side of the laboratory, and one complete set in- 
side in the air of the laboratory. 


Special Determinations—In addition to the usual determinations of 
quantities of materials entering into the concrete, from which the density 
and yield values are calculated, the rate of drying of the cylinders under 
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the three storage conditions was determined by careful periodic weighings: 
also the amount of settlement or plastic shrinkage was determined by strik- 
ing off the freshly molded cylinders carefully, and measuring the settling 
or subsidence after initial set had occurred and just before capping. 


Special Precautions-—In view of the fact that the investigation was 
designed to bring out small differences in such factors as density, yield, 
strength, etc., special precautions were taken to insure uniformity and de- 
pendability of the results obtained. To this end each of the 750 batches 
were prepared by weighing the different kinds and quantities of material 
entering into each separately; predeterminations were made of the quantity 
of water required for the desired flow; all specimens were made in the 
forenoon and in order to allow the proper interval before applying the 
cement caps; and on removing the cylinders from the molds at a little more 
than 24 hours all caps were brought to plane surfaces with a straight, hard 
steel, cutting edge. : 

It will be seen that there were 46 different mixtures used in the series, 
and as double the number of cylinders were made from the four basic mix- 
tures a complete round of the mixtures required the making of 50 batches. 
With the unusual number of measurements, embodying the preparation: of 
the batches, the flow test, the penetration test, the weighing of the unit 
volume of the concrete and the making of the cylinders, we were able to 
make but 25 specimens per day. Thus, two days were required for a com- 
plete round of the mixtures, 15 batches of each kind being made up on 
15 different days, 5 for each of the three storage conditions. As mentioned 
above, 30 batches were made from each of the four basic mixtures. 


RESULTS OF THE TESTS. 


It seems preferable to include the data of the tests in a single table, 
and to bring out the deductions from these data by reference to this table 
(Table I). 


Fine Aggregate—As some doubt arose as to the validity of averaging 
the results from the two fine aggregates, data corresponding to those given 
in Table I were worked out separately for the coarse sand and the fine 
sand, Except in the case of the workability determinations, all values for 
the two sands were found to be in close agreement, and the data in Table I 
are therefore the weighted average of like batches, differing only in this one 
respect. To indicate how much liberty was taken in averaging results from 
the two sands, the averages of all the data from all the mixes for the two 
sands are given at the bottom of Table I. It will be noted that the differ- . 
ences in the data for the coarse and fine sands, except in the case of the 
workability figures, are hardly appreciable. We may call attention, how- 
ever, to appreciable differences in the average loss of weight and the 
strength of the specimens stored in the laboratory. These differences are 
not attributed to the difference in the sands, so much as to the fact that 
the prevailing relative humidity was lower during the latter part of the 
work when the change to the finer sand was made. 
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Workability—The arrangement of Table I is such as to make possible 
a ready comparison of the effects of corresponding quantities of the pow- 
dered admixtures, hydrated lime, kaolin and celite. Since the percentages 
of these materials in each group are in the proportions of 3: 2:1 respec- 
tively (based on the assumption that these proportions would show about 
the same effect on workability), it is interesting to see how the workability 
figures bear out this assumption. The irregularity in the workability fig- 
ures through the successive groups make it difficult to decide how the ad- 
mixtures compare in the proportions given, and the tendency is best shown 
by tabulating all the figures as in Table II. 


Taste [].—Revative Errect or Hypratep Lime, Kaonin anp CELitE 
on WorKABILITY OF ConcreTE MrIxTuREs. 


Workability Figures. 
Per cent Admixture. 


1:14 :3 1:2:4 1:2%:5 WEBS Average. 


MLAIME betes kee ss 33 103 167 207 

ORIG res. ser ones he 31 81 125 185 

iGo] BW aes wean Reet Sis nea wee a3 129 s7fil 
JASV CLASS st esas: 32 92 140 188 113 

SEU ATSC neon eee 31 100 150 180 

G2 ICS Olin geeant etewac PATE 79 130 199 

MOUKCa Olin. 2 Nee, coma he a ye 105 154 
AV CPA GE il ne eeiceen, ae 29 90 128 178 106 

124. elite tracy Stes 38 98 167 227 

SAA OCHLe TE varanasi 18 74 114 192 

DEC clivewireee ce ents a Aas 116 160 
AWVeRaAe Cmramecrnen ike ors 28 86 132 193 110 


The average workability figures for the lime, kaolin and celite given 
in Table II confirm the earlier conclusion that three parts of lime, two 
parts of kaolin and one part of celite have practically the same effect upon 
workability. 

The effect of the admixtures on workability are also shown in Fig. 3. 
- In Fig. 3 the workability figures are plotted to logarithmic scale as ordi- 
nates, the different groups of mixtures shown in Table I being arranged 
approximately in the order of increasing workability. The average values 
of workability for each group are connected by broken lines. These broken 
lines show the trend of the effects of the admixtures quite distinctly, but 
the departure from smooth curves shows the uncertainty of the penetration 
test and the need for a test of greater precision. We may call attention, 
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however, to the effects of the three accelerators, which are always in the 
order C, A, B, with marked differences between them; also to the fact that 
in these tests the high percentages of admixtures raise the workability of 
any given basic mixture nearly to that of the next richer mixture; and 
finally to the comparatively erratic results in the 1: 1144: 3 mixtures, which 
under ordinary conditions would not generally require the use of ad- 
mixtures. 


Wed = [ ] 
8 [ > 
a =o! 
224 ih | I: 
r<) =} 
O*= Plain hixtures 
4 L = Low Percentages of Adtrotures | 
36 M~= (Medium » ee 
H=High ” rer ge | “| 
35.5) A 
0 = Plan Mixtures 
40 e = Lime Admixtures 
a= Haolin 
—~ 4 °* Celife ’ ; 
a 
j 30 2} Accelerators 
S 
5 96 
ue 
ei 
; 
NS 


Q Z m H 7) zc M H o if oM O Za Mf 
Percentage of Aidrixtures 


FIG. 3.—EFFECTS OF ADMIXTURES ON WORKABILITY. 


Quantity of Miaing Water—Bearing in mind that the flow figures were 
designed to be the same, we find that comparatively small variations in the 
amount of mixing water occurred throughout the entire range of mixtures, 
rich, lean, harsh or plastic. In all cases, however, the celite admixtures 
required appreciably more water than the others, while accelerator © re- 
quired the least amount of water. With these two exceptions, and noting 
a small increase in the water toward the richer end of the series, the 
variation in water content is not much greater than in the flow figures 
themselves. 
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Water-Cement Ratio and Cement-Space Ratio—These factors will be 
discussed later in their relations to the strength variations. 


Density—The uniformity in density throughout the entire range of 
concrete is remarkable. With one exception all densities lie between the 
values .768 and .787, and yet the effect of the admixtures is plainly indi- 
cated. In each of the several groups lime gives the highest density and 
celite the lowest. There is also a similar difference noted in the accelerator 
groups, A giving the highest density and © the lowest. These differences, 
small though they are, seem to depend mainly on the water content, with 
little or no relation to the proportions of the solid constituents in the 
various mixtures. 


Yield—The yield values increase fairly regularly from the lean mix- 
tures to the rich over a range of about 0.17. Accelerator B produces the 
lowest yield in any given mixture; A and CO produce about the same yield, 
slightly higher than that of the plain mixture. The powdered admixtures 
always increase the yield, kaolin generally giving the lowest and celite the 
highest, in any given group. 


Plastic Shrinkage or Settlement in the Forms—The figures are ex- 
pressed in percentages of the volume of the freshly placed concrete. It 
will be noted that the shrinkage in all cases is practically 1 per cent, with 
a tendency to be slightly higher for the richer mixtures. 


Amount of Cement in Finished Ooncrete—The figures in column 7 are 
expressed as per cent of cement by absolute volume in the finished concrete. 
The figures in column 8 are obtained by multiplying those in column 7 by 
a factor which gives the per cent of cement in bulk. For example, the 
plain 1: 3: 6 mixture contains 14.02 per cent of a sack of cement in each 
cubic foot of finished concrete. The figures vary directly with the richness 
of the mixture, and inversely as the yield values. 


Loss in Weight During 28 Days of Storage under Different Condi- 
tions—The specimens stored in the damp closet show as a rule a slight 
gain in weight. Those exposed to lower humidities show a higher loss for 
the lean mixtures than for the rich mixtures. In general the average loss 
in weight for the specimens stored out of doors was a little more than 
half that for those stored in the laboratory. Particularly in the case of 
the specimens stored in the laboratory the effects of the admixtures are 
quite plainly shown in the several groups. The loss increases in the order 
of lime, kaolin, celite; for the accelerators in the order C, B, A, in all cases. 


Strength—The strength results are interesting in that they show quite 
remarkable uniformity in each of the four main groups, regardless of ad- 
mixtures or storage conditions. Only in the 1: 114: 3 group is there seri- 
ous loss of strength due to the admixtures. Averages of all the strengths 
in each of the three last columns of Table I give the values 1774, 1619, and 
1558, which are to each other as 100, 91 and 88, respectively. That is, if 
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the strength of the specimens stored in the damp closet is taken as the 
basis of comparison the strength of the specimens stored out of doors shows 
a difference of only 9 per cent, and that of those stored in the laboratory 
a difference of only 12 per cent, on the average. That these differences are 
not greater is due in part to the high humidity which prevails in Wash- 
ington during the summer, and in part to the fact that the strength of dry 
or partially dry concrete is considerably greater than that of wet ccncrete. 

We may examine the effects of the admixtures on strength by means 
of the following table, in which the average strengths of each of the small 
groups in Table I is expressed as a percentage of the strength of the cor- 


Taste III.—Errecrs or ADMIXTURES ON THE STRENGTH OF CONCRETE 
Relative Strength. 


Mix. Admixture. reed ~| Outside. ag Average. 
ORR eae eae 100 - 100 100 100 
TEGO Wise orcis erent tone 103 105 102 103 
1 SAG aerate Meditimin. ae 104 106 99 103 
Highincee. see reve 105 105 99 1038 
Accelerators...... 104 114 107 108 
0 : 100 100 100 100 
Low.... 100 98 99 99 
ON ee Mediumise eae 101 98 96 98 
ER Shy pei yee ae eee 97 94 93 95 
Accelerators...... 105 107 107 106 
Oe; Ae ae 100 100 100 100 
1:2:4 TiO Winer eee eon 98 104 103 102 
papier Medium aa... 94 95 96 95 
Accelerators 108 1s 118 113 
e ee as tens, a 100 100 100 100 
Rae OWA lo eae 94 93 96 94 
1:174:3....-.4 | Medium... ...... 87 86 86 86 
Accelerators...... 103 vale 113 109 


responding plain specimens. For convenience we will refer to the small 
groups as “Low,” “Medium,” “High” and “Accelerators” in Table III, the 
significance of these terms being the same as in Fig. 3. 

From Table III we see that except in the 1: 144: 3 mixtures, the maxi- 
mum loss in strength caused by the largest amounts of admixtures is 7 per 
cent, and that the maximum average loss for the three storage conditions 
is only 5 per cent. In general the leaner concretes stored in the damp 
closet benefit from the powdered admixtures, whereas those stored in the 
laboratory lose slightly. This seems to indicate that the powdered ad- 
mixtures are of no assistance under dry curing conditions. On the other 
hand the accelerators give inereased strength under all conditions, and a 
relatively greater increase under dry storage. 
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It is also interesting to see how the admixtures compare with each 
other in their effect upon strength. In Table IV the average strengths 
obtained from each admixture in each basic mixture are expressed as a 
percentage of the strength of the corresponding plain specimens. 

While the differences in the effects of the admixtures on strength are 
small, they are unmistakable, and in general vary with the differences in 


Taste IV.—Comparative Errects oF Dirrerent ADMIXTURES ON THE 
STRENGTH OF CONCRETE. 


Relative Strength. 
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water content for which they themselves are responsible, if we accept the 
flow test as the criterion fer “consistency.” Of the powdered admixtures, 
hydrated lime in the proportions used is most favorable to strength; of 
the accelerators, C gives uniformly the highest strength. 

It is finally a matter of interest to see how closely the concrete 
strengths obtained in this series fall in line with those indicated by the 
“water-cement ratio” and the “cement-space ratio.” In Fig. 4, the com- 
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pressive strengths of the cylinders stored in the damp closet only are 
plotted against these two factors. The curves are drawn designedly through 
the values obtained from the four basic mixtures, first because each of these 
points is derived from an average of ten tests, second because we are par- 
ticularly interested in noting the effects of the admixtures and the devia- 
tions which they may produce from the basic curves. 

In examining Fig. 4 we see that all the strength values lie somewhere 
near the basic curves, but we note certain regularities in the departure 
from these curves that are significant. For example, in the strength-water 
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FIG. 4.—RELATION BETWEEN COMPRESSIVE STRENGTH OF CONCRETE AND (a) 

WATER-CEMENT RATIO AND (b)CEMENT-SPACE RATIO. 
relation all of the powdered admixtures cause a displacement of strength 
values to the right of the basic curve; in other words, the strengths are 
always higher than the water-cement ratios indicate. In the case of the 
highest celite admixtures the strengths are very nearly 20 per cent higher. 
We note also that the effects of the admixtures on strength are relatively 
much less in the leaner mixtures, the general line of each group of points 
flattening out as we follow down the basic curve. 


Somewhat similar departures from the basic cement-space ratio curve 
are noted, most of the points also lying above the curve, and indicating as 
before a somewhat higher strength than the theory permits. If we omit 
from consideration the concretes containing the accelerators, it is possible 
that the average deviation of the strengths from the space-ratio curve is 
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slightly less than from the water-ratio curve, but there is not much choice. 
One peculiarity is noted in the fact that the strengths of concrete contain- 
ing accelerator C exactly coincide with the water-ratio curve, whereas they 
are far above the space-ratio curve. This is apparently related in some 
way to the foaming caused by accelerator (, which undoubtedly accounts 
for its rather remarkable effect on workability, and yet allows it to pro- 
duce the highest average strength obtained in the series. 


SUMMARY. 


With reference to the questions on page 5, we may summarize the 
most important results of this investigation as follows: 


(1) The workability of any concrete mixture is about equally bene- 
fited by one part of celite, two parts of kaolin, or three parts of hydrated 
lime, such as used in these tests, if the consistency as measured by the 
flow table is kept constant. Under the same conditions plain calcium chlo- 
ride did not improve the workability, whereas of the two proprietary com- 
pounds used one was found to give a very appreciable improvement and the 
other quite a marked improvement. 


(2) The powdered admixtures in the proportions used did not seri- 
ously affect the strength of 1: 2: 4 or leaner concretes; in fact the 1: 3: 6 
concretes were benefited by the admixtures in all cases. Considerable re- 
duction in strength resulted from the larger proportions of the admixtures 
in 1: 144: 3 concrete. With reference to actual concreting operations these 
conclusions are conservative, for it was observed that as the workability of 
a mixture was improved, the tendency was to use less mixing water than 
was required to maintain the prescribed flow. In other words, the more 
plastic mixtures seemed over wet in comparison with the others, and more 
water was used in them than appeared to be necessary or would probably 
be used under job conditions to obtain a desired “consistency.” The results 
_ of the tests reported herewith indicate that a judicious use of admixtures 
in concretes which need improvement in respect to workability will not 
materially impair the strength. The chloride admixtures without excep- 
tion produced a considerable increase in strength. 


(3) The slight tendency toward reduction in strength of concretes 
containing the powdered admixtures was if anything more pronounced 
under dry or partially dry curing conditions than under damp storage 
conditions. On the other hand the chloride admixtures were relatively of 
more benefit under dry conditions. 


(4) No appreciable effect on the shrinkage of the plastic concrete 
was noted from the use of admixtures. 


(5) The increased yield of concrete containing powdered admixtures 
is in favor of the latter, and in many cases is probably sufficient to entirely 
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offset the cost of the admixture. The net saving from the use of admix- 
tures is not in cost of materials, but rather in labor cost and greater 
assurance of uniformity in the finished product. 


(6) The voids in concrete are affected only slightly by admixtures, 
apparently reflecting the effect of the admixtures on the gauging water. 
If admixtures necessitate the use of more water for a given consistency, 
the voids will be increased proportionately, other conditions being the same. 


(7) Powdered admixtures do not seem to prevent loss of water from 
concrete by evaporation under dry or partially dry curing conditions, but 
chloride admixtures reduce the loss under these conditions. Corresponding 
effects upon the compressive strength were noted above. 


(8) The authors believe that the data_presented herewith justify a 
more general consideration of the proper use of admixtures. Better and 
miore economical concrete must result from anything that improves the 
plasticity or workability of the mixture, provided no deleterious effect is 
also involved. It has been shown that small proportions of powdered ad- 
mixtures do not detract appreciably from the strength of the concrete 
except in the rich mixtures, where the need for and the values of such 
admixtures disappear. On the other hand the improvement in workability 
that can be brought about by the judicious use of admixtures is consider- 
able, and this must tend to reduce costs and improve the uniformity of the 
finished product, under given labor conditions. 

As a guide to “judicious use” of powdered admixtures, the tests indi- 
cate that the amount of an admixture to be recommended is an inverse 
function of the richness of the mixture. For the materials used in this 
investigation, the maximum percentage of celite is approximately the num- 
ber of parts of coarse aggregate (relative to the cement) used in the mix- 
ture; the maximum percentage of kaolin is about twice the number of 
parts of the coarse aggregate, and the maximum percentage of hydrated 
lime is about three times this figure. For example, in a 1:2: 4 mixture 
the maximum percentages of admixtures to be recommended are about 
4 per cent of celite, 8 per cent of kaolin, and 12 per cent of hydrated lime, 
by weight of the cement. The improvement in workability which is effected 
by these maximum additions is about that which should be expected from 
a 25 per cent increase in the cement content. Larger amounts of the ad- 
mixtures than those specified above may be used in cases where the highest 
obtainable strength is not of prime importance. 

With reference to chloride admixtures, there is no doubt that these 
are coming rapidly into general-use, and there is no count against them, 
so far as we are aware, in plain concretes and mortars. Those prepara- 
tions which also improve the workability of cement mixtures have an added 
value, over and above that of their accelerating properties. 
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SUPPLEMENTARY STATEMENT IN REGARD TO THE MEASUREMENT 
oF WORKABILITY. 


As stated in the foregoing discussion, the penetration test for work- 
ability has served a useful purpose, but it has a number of defects. In the 
first place it is an indirect test measuring only the comparative segregation 
and lubrication in different mixtures, in an arbitrary and meaningless sys- 
tem of units. Second, it is lacking in desirable precision, and the average 
results from a large number of tests must be taken in order to insure a 
reasonably accurate rating for a given mixture. Third, it is not applicable 
to a study of the effects of different coarse aggregates, except within a 
narrow range of gradation. 

It is possible that the penetration test may be improved in such man- 
ner as to eliminate some of the above mentioned objections, but in the light 
of further experience with the test, we are inclined to attack the problem 
anew along entirely different lines. It now appears that a more general 
solution of the problem should be sought by the application of methods 
used in studying the properties of plastics modified in such manner as to 
deal with relatively large additions of coarse, non-plastic materials. It is 
obviously impossible to force mortar and concrete mixtures through capil- 
lary tubes and thus determine the relations between pressure and flow, and 
it appears to be impracticable to make such determinations merely by 
enlarging any of the existing types of viscocimeters. The nature of the 
mixtures with which we are concerned seems to require some sort of a | 
stirring device in which the relations between power and speed can be de- 
termined, and this leads to the thought that a-modification of the ordinary 
concrete mixer may be the apparatus which will afford a general solution 
of the problem. It should be possible to separate the power required for 
lifting the concrete and overcoming the friction losses from that required 
to drive the blades of a stirrer through the mass, and if this can be done, 
we may be able to deduce therefrom the characteristics of any given mix- 
ture. The incentive for getting a satisfactory general solution for this 
problem lies in the fact that some very important uses of Portland cement 
depend for their success upon maintaining a definite degree of plasticity 
while other properties are being changed. We believe also that specifica- 
tions for important: concrete construction will some day contain require- 
ments for workability—not, however, the quality indicated merely by the 
slump or the flow test. 


DISCUSSION. 


G. W. Hurcuinson.—o the parties engaged in the study of concrete 
and concrete proportioning, the data so ably presented by Messrs. Pearson 
and Hitcheock appear as an opening of which advantage may be taken to 
learn more of the fundamental properties of concrete. To the engineer and 
user of concrete it presents a line of reasoning, which, if taken seriously, 
will be a great contributing factor in the control of field concrete with 
respect to ease of placement and uniformity of product, both of which are 
of supreme importance in economic structures. <A discussion of a paper of 
this kind, if it is to be of value, will require data on tests as well as 
observations. Inasmuch as I have been interested in the use of admixtures 
for a number of years, I have taken the opportunity to present such data 
as has been secured in the laboratory as well as in the field. Its presenta- 
tion will include a discussion of the advantages of the seeming necessities 
of admixtures from the field as well as the laboratory standpoint. 

C. M. Upham, State Highway Engineer of North Carolina, was prob- 
ably responsible for the first use of admixtures on large scale concrete road 
operations. These were used in the Coleman duPont road in Delaware, in 
1915, and specified when the Delaware State Highway Department first 
specifications were written. Considerable laboratory work was carried on 
at that time, and it was found that admixtures most available had prac- 
tically little effect on the resulting strength of the laboratory concrete. 
The results in general showed a slight increase. When used in small pro- 
portions it contributed a very desirable element in workability and seemed 
to assist in the finishing of the concrete road. Later we found that with 
coarser sands there was more to be gained along workability lines than 
with a more finely graded type of fine aggregate. In writing specifications 
for the State Highway Commission of North Carolina, while we did not 
specify the use of admixtures, we included in the specifications a paragraph 
which would allow us to take advantage of their qualities, when certain 
materials indicated the need of improved workability. Workability under 
these circumstances was measured by judgment alone, inasmuch as we had 
no way of determining this property by measure. 

In this connection it must be realized that the engineer engaged in 
public work is expected to have his decisions governed by fact rather than 
by opinion, and inasmuch as the benefits derived were measured by observa- 
tion alone, the use of them was temporarily tabled with slight exception 
in North Carolina until such time as more study could be given and more 
information be made available. This action was also prompted by the fact 
that the fine aggregate encountered in this locality was of a generally fine 
gradation, which in itself assisted in the workability, and probably most 
important was the fact that sufficient knowledge of the great variation in 
field concrete was not available at the time to justify the great amount of 
investigation necessary in work of this kind. 
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The invention of the device as described in the paper under discussion 
is felt to be the greatest contribution to this line of study. Although, as 
stated in the paper, it is not as yet a perfect means, I believe that it will 
be acknowledged to be far better than ‘any other method yet discovered. 
The preliminary story told by this instrument seems to answer to a great 
degree the question of what workability really is, and it was responsible 
for the outlining of an extensive program to study the economic value of 
available admixtures in North Carolina. This work is being carried on by 
the Division of Tests and Investigations of the North Carolina State High- 
way Commission. Inasmuch as investigations of this nature must be con- 
fined to the materials most available, a survey indicated that there were 
three to be considered. 

First was a material known as tale dust, which is manufactured in 
North Carolina. This material was relatively cheap and readily available 
in quantities. Second was hydrated lime which was also available in quan- 
tity, and then due to exceptional results secured by the Bureau of Stand- 
ards along workability lines, came the selection of celite, which is the 
trade name for a certain type of specially prepared diatomaceous earth, 
coming from Lompoe, California. 

Laboratory investigation was carried on consisting of compressive tests 
of 4000 6x12 in. concrete cylinders cured under different storage condi- 
tions, and containing different cement contents. These were undertaken 
along lines practically parallel to the investigation undertaken by Messrs. 
Pearson and Hitchcock. 

In addition, field work is also being carried on to determine the 
economy of admixtures from the viewpoint of construction. A discussion 
of the investigations can probably be best presented by offering the results 
as an attempt to answer the questions found in the paper under discussion. 

The work carried on relates principally to questions Nos, 2, 3, 5, 6, 7 
and 8, and the discussion will be from the practical side supported by the 
laboratory results. 


Question Two.—Is the reduction of strength of concrete containing 
admixtures in small proportions serious? 

This is with reference to the importance of a reduction in strength of 
concrete containing admixtures. Our experience is that in the nominal 
proportion of concrete with nominal amounts of certain admixtures there 
is no reduction in strength, but in practically all cases a slight increase is 
obtained and this increase is relatively greater as the cement content is 
decreased. Any disagreement of test results regarding strength can prob- 
ably be attributed to the various gradations of aggregates used in the 
different investigations. It is safe to say, however, that with any grada- 
tion of aggregate allowable for use, any decrease in strength by the use of 
approved admixtures, would not be appreciable. In the proportions recom- 
mended for use, the test results should generally fall within the limits of 
test error in laboratory concrete, which will account for seeming incon- 
sistencies in the detail of tests of this nature. It will be noted that the 
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figures given both in the original paper and this discussion do not take into 
consideration the effect of admixtures on the yield or volume of concrete 
secured. While this subject will be taken up under Question Five, it should 
be stated here that an increase in yield when admixtures are used will 
decrease .the relative cement content of the mixture when compared with 
basic mixtures, or plain concrete. Inasmuch as cement is the only binding 
ingredient in concrete, this is an important factor, when comparison is 
made on the basis of equal cement content per volume of concrete. When 
this factor is considered, the concrete containing the admixtures will, in 
general, increase in strength ratio proportional to their effect on the bulk- 
ing or yield of the concrete containing them. 

The laboratory data in Table 1 consists of tests of about two thousand 
6x12 in. cylinders containing three types of admixtures, four lots of 
cement, and cured under wet and dry conditions. Inasmuch as the error 
of tests and other accidental variations affect the detail results, possibly 
outside of the limits of the effect of admixtures, all results are averaged 
in Table 1. Each result is the average of twenty specimens tested at the 
age of twenty-eight days. 


TaBLE 1.—EFrecr of ADMIXTURES ON THE RELATIVE COMPRESSIVE STRENGTH 
OF CONCRETE. 


Cement, per cent. 
Admixture. Average. 

15 20 25 30 
Plain Concrete......... Hanes Sees ia Gos 1ioe 100 100 100 100 100 
2% per cent Hydrated Lime...................... 103 100 98 98 100 
5 percent Hydrated Limeincr..... «asa wane reo 104 98 96 95 98 
7% per cent Hydrated Lime.....................- | 106 102 96 97 100 
4:ner-cent ale Dustysc cc caeowmin pacer tere 101 98 98 96 98 
Sper cent: Tale Dust hin. cone eee 101 96 93 94 96 
134 ‘percent :Celitesa6 o.0.. cn. ee ek oe ee 101 107 100 101 102 
3 percent Celiteene. .ocmceee eee 104 107 94 93 100 
41% per cent Celite. . eran as 103 107 95 90 99 
Giper cent 'Celite stg: J) tse tacae ried 108 105 97 aude 103 
Siper cont: Celite: 2 Acuna cose eer ear nnee 109 ae Ss ans 109 

Average (Admixture);. .5d05<~ sa Sin we eee 104 102 96 96 


Norr.—Cement content measured as volume of dry cement per unit volume of concrete. For arbitrary 
proportions interpolations may be made as follows: 


Per Cent. 
OO OE ner ee eae ery te nen alter cctan DEW oc cio bcc 28 
US Dek a Braiviote syessver ata sae reer Sin ahaa eee teae OE ROTTS eT 22 
PeDU 0 irate ts eta Ue bas Pn Ee 18 
DSBEG ea actly, -atiote ena enti Re ee eT 15 


All admixtures are proportioned by percentage of weight of the cement content. A 3 per cent addition to 
the 20 per cent mix would therefore require a greater quantity of admixture than a 3 per cent addition to the 
15 per cent mix, etc. 


Relative unit weight of Materials: 


Tale Dust: scan. eahtese amie doa catrado a eaeCaare 55 
Hydrated Limes. 5 .4e tees oes eee 40 
Gelite? s 22-255 cue n Bae eae cee Mee SO ee eee 10 
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Question Three.—Is the effect of admixtures on strength of concrete 
more favorable under average job conditions than under standard labora- 
tory conditions? 

The analysis of field concrete is a difficult proposition, especially when 
data from numerous projects are included. It is possible to arrive at con- 
clusions of a certain nature when data from a single structure or project 
are analyzed, as the range of variation is generally smaller than when 
compared with data from a number of structures or projects. This, of 
course, is due to the greater number of variables entering into the latter 
which should allow broader and more accurate conclusions than would be 
available in the individual investigation, although at best they can be but 
general in scope. Research of this nature must be carried on in such man- 
ner as to be of benefit to the whole instead of being capable of application 
to but one situation. 

It is questionable if the testing of specimens cast in the field will be 
of much assistance in determining, within reasonable limits, the quality or 
uniformity of the concrete in place. The specimens themselves might give 
indication of a uniform concrete of a given strength, but when compared 
with the results of tests of cores drilled from the same batch from which 
they were made a great variation may be secured. ; 

The difference in compressive strength between drilled road specimens, 
corrected for size and the standard 6 x 12 in. cylinder from the same con- 
crete, has been investigated by the North Carolina State Highway Com- 
mission on thirty projects. In addition to this, sufficient materials were 
taken from each of the individual batches of dry materials, composing the 
field concrete, to allow specimens to be made and stored under standard 
laboratory conditions. 

All molded specimens, both in the field and laboratory, were made by 
experienced laboratory operators, and the general recommended practice in 
manipulation was followed. 

The results given are the average of four specimens of the field con- 
crete and five of the laboratory concrete. 

Sufficient material was taken after the concrete had been placed to 
make four of these specimens from different parts of the batch. The loca- 
tion of this batch, with reference to the road, was then marked for the 
core drill. The field specimens were cured beside the road for twenty-one 
days and then packed in damp sand and shipped to the laboratory to test 
at the end of twenty-eight days. 

Table 2 gives the result of this investigation. It should be noted that 
the relative values are obtained from the result of one correction for size 
of specimen in the molded field concrete, and this same correction in addi- 
tion to one for age in the case of the field core. The field concrete aver- 
aged three and one-half months old when tested. The variables, due to 
average correction, however, would be relatively small when compared with 
the variation in the results actually obtained. 
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Taser 2.—SuHow1ng CoMPaRIson or TESTS OF CoNCRETE SPECIMENS DRILLED 
From Firtp CoNncRETE AND SPECIMENS MOLDED IN - 
THE FIELD AND LABORATORY. 


Ratio, Labo- 
. Field Field Laboratory | ratory Cast 
No. Proj. Mix. Cast Drilled Cast Specimen to 
Specimen. | Specimen. | Specimen. | Field Drilled 
Specimen. 
446 1:214:5 100 65 116 1.78 
577 1:2:4 100 68 62 0.91 
630-B 1:24%:5 100 79 54 0.68 
342 1:214:5 100 86 69 0.80 
494 1:214:5 100 94 102 1.09 
460 1:24%:5 100 96 106 1.10 
822 1:24%:5 100 100 81 0.81 
535 1:2:4 100 101 95 0.94 
412 1:2:4 100 107 69 0.65 
386-7 1:14%:3 100 107 83 0.77 
643 1:24%:5 100 111 78 0.70 
671 1:244:5 100 115 100 0.87 
428 1:2:4 100 116 101 0.87 
741 1:2:4 100 117 92 0.79 
632 1:1144:3 100 122 95 0.78 
588 1:2:4 100 123 103 0.84 
473 1:2:4 100 123 80 0.65 
743 1:214:5 100 124 80 0.65 
614 1:2:4 100 133 89 0.67 
429 1:2:4 100 134 123 0.92 
484 1:2:4 100 136 97 0.71 
463 1:2:4 100 146 126 0.86 
528 1:2:4 100 154 109 0.71 
765 1:2:4 100 155 54 0.35 
679 1:214:3 100 157 129 0.82 
742 1:2:4 100 170 109 0.64 
670 1:2:4 100 173 112 0.65 
790 1:2:4 100 193 REP es 
785 1:2:4 100 198 90 0.45 
629 1:2:4 100 204 84 0.42 
we HMB teeter Seta io onto: gees 100 204 129 1.78 
AVELAZENS Techs canta |ostn s air eit atand [Meee ee 100 127 93 0.65 
Wahi s hem penreroas| Motmeee oral acne conte 100 65 54 0.35 


Norr.—Field cast specimens tested at age of 28 days and corrected for height. Field drilled specimens 
corrected for height and age for 28 day results. Laboratory cast specimens tested at 28 days (standard height. 


It must be realized that the strength of concrete, regarded on the 
basis of usual laboratory comparison, is the least of the problem to be 
solved. A few per cent variation from the average strength whether an 
increase or decrease is negligible. The main purpose is to control the uni- 
formity by reducing the variable caused by manipulation. An efficient 
admixture of any kind which will reduce the amount of labor necessary 
for manipulation will not only accomplish this result, but will also reduce 
the cost. There is no economic advantage in design for high average 
strength, if accompanied by great variation throughout the structure, but 
there is a decided one in concrete of any designed strength possessing uni- 
formity. A typical case of the advantage of uniformity is derived from 
an analysis of results taken from field tests of concrete pipe from twelve 
different plants extending over a period of about a year. Due to the wall 
thickness of the smaller sizes of pipe being greater than would normally 
be necessary to withstand the specified strength test, there were but fifteen 
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per cent rejection of the smallest size, and about twenty-five per cent re- 
jection of the next size larger. The size next larger in diameter, although 
having a wall thickness sufficient to withstand the crushing load required 
by the specifications, when made from a practical mix, did not have as 
great a margin above them as the smaller sizes and resulted in nearly 
sixty per cent rejection. The same class of concrete was placed in all sizes 
of pipe but the specifications regarding wall thickness being somewhat 
unbalanced, placed a premium on uniformity in the larger sizes of pipe, 
with the result that over one-half of the product was condemned prin- 
cipally due to non-uniformity of the concrete. Single line reinforcement 
was used in this case mentioned, and although no data are available in 
double line work, it is reasonable to assume that with a double line re- 
quired, the demand for greater workability and uniformity would be more 
apparent. 

Another question to be raised on the subject of strength is with refer- 
ence to materials and age. There is a change in the relative strength be- 
tween gradations of aggregates as the actual strength increases with age. 
There is a similar effect encountered when changes are made in the cement 
content. These changes in relative strength, when caused by lack of suffi- 
cient control in the proportioning of the dry materials, furnish a variable 
in. relative strength at the different ages which is considerably in excess of 
the effect of any approved admixtures. Considerable investigation of this 
matter is under way at the present time and if early tests are indicative 
of the later results, attention should be directed to the determination of 
the proper sizes of coarse aggregate for field use. It is felt to be but a 
matter of time when all large concreting operations will require the pro- 
portioning of coarse and fine aggregate on a weight basis. This will, 
eliminate considerable of the variation in the concrete and make the 
advantages of admixtures more apparent. 

It is extremely doubtful if the true effect of admixtures on the work- 
ability, strength and uniformity can be determined in the laboratory. By 
this I mean that there are many conditions to be met in the field that are 
not encountered in laboratory work. Laboratory manipulation will coun- 
teract certain adverse conditions which the admixture is expected to cor- 
rect in the field, and thus the value of the admixture is not fully brought 
out in laboratory tests. The virtue of the admixture lies in its ability to 
assist in making a more uniform and workable concrete in the field. The 
uniformity is of decided advantage from a structural viewpoint, and the 
workability has its value with reference to the economy of placing the con- 
crete at decreased cost, or producing a more uniform finished structure, at 
the same cost. The relative value of different types of admixtures will be 
dependent upon their ability to accomplish the desired purpose at the 
lowest cost. It must be understood that the use of admixtures of any kind 
cannot be regarded as a panacea for all causes of the variation in field 
concrete. With such causes divided into two classes, first the variation 
encountered in materials, and second the variation due to manipulation; 
their ability to correct is only with reference to the latter. 
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It is stated that the importance of the question of workability has 
been grossly underestimated, probably for the reason that there has been 
no answer for it. I would like to add another reason for this to the effect 
that it is doubtful if but few realize the great actual variation in field 
concrete. If more data on this subject were available there would be con- 
siderably more agitation to develop means for its control. 

A comprehensive study of detail regarding the reasons for the effect of 
admixtures under field conditions requires a considerable amount of time 
and study, and due to the work of this nature in North Carolina not hay- 
ing reached the stage of final analysis, the field data are not available at 
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FIG. ].—CHART SHOWING THE VARIATION IN FIELD CONCRETE. 


Data afe taken from tests of concrete cores drilled from approximately 
500 miles of concrete base and pavements. 


the present time. Work in connection with the use of celite as an admix- 
ture has been placed and more is being carried on at present. This mate- 
rial was used entirely in the field on account of its great effect on the 
workability and its apparent economy. The data given represent an at- 
tempt to show the necessity of control in the mixing and placing of 
concrete, 

The variables include coarse aggregate from over twenty deposits, fine 
aggregate from thirty deposits, and cement from over fifteen different mills, 
as well as practically every method of handling materials acceptable to 
construction of a large scale. 

Fig. 1 shows the problem in detail and includes the result of all vari- 
ables found in tests of concrete cores drilled from about five hundred miles 
of concrete road and base work laid under these conditions. These tests 


- 


Kiconomic VALUE or ADMIXTURES. Oo 


a BSDREEEDEE eae . es 
I r O E ers! 
Prilcg ecd bet 
+H Be “ee Pitot ie), ae On pss 3.3 
DILVIEE ce) “eral EBT. | AND rd 


Ras 
HAR HO an MAX TAO 
FIEID C ONC REI 


FIG. 2.—CHART SHOWING MAXIMUM VARIATION IN FIELD CONCRETE COMPARED 
WITH NUMBER OF SPECIMENS TESTED. 


336 Economic VALUE oF ADMIXTURES. 


FIG, 3.—CURVE SHOWING EFFECT OF 


CELITE ON YIELD OF CONCRETE OF 
DIFFERENT PROPORTIONS OF CEMENT, 
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are separated on the basis of age of specimen and by different proportions 
of mixture. It will be noted that there is an apparent decrease in varia- 
tion as the concrete gets older. This is due largely to the fact that a lesser 
aumber of specimens were available for test in the older concrete which 
would decrease the amount of data affecting the range of maximum 
variation. 

Inasmuch as we are only concerned at the present time with the vari- 
ation due to manipulation, an attempt is made to analyze the data on 
this basis. The data are platted in Fig. 2 to show the relation between 
the maximum variation and the number of specimens tested. In this work 
the average of all concrete tests of a given age, in months, is taken as a 
basis for compilation. The variation possible to encounter in the general 
run of laboratory testing is also shown in Fig. 2 for comparison. It will 
be noted that the variation found in field concrete is greater, as would be 
expected, when the number of specimens tested is increased, and that it is 
considerably more than that found in laboratory concrete. The points 
brought out indicate that: 


1. Any means for promoting workability or uniformity in concrete 
should function much more efficiently in the field than in the laboratory. 
This is due to the range of variation in the field being so much greater. 


2. If these means are accomplished by the use of powdered admix- 
tures, the effect of such admixtures on the strength would be negligible 
when compared with the variation actually encountered in the field. 


Question Five-—Do admixtures increase the “Yield” of concrete suffi- 
ciently to effect an appreciable saving in cost? 

Due to the same workability results being secured by Messrs. Pearson 
and Hitchcock with considerable less celite than with other admixtures, 
this material was selected for further investigation, and the accompanying 
figure indicates the result of yield tests made to determine the bulking 
effect of this material. It will be noted in Fig. 3 that a direct relation 
between the amount added and the yield of the resulting concrete was 
secured with this admixture, and while the cost of the material in question 
is probably as high in North Carolina as in any part of the country, its 
effect on the yield, as shown, is such that under conditions it can be used 
at no additional expense whatever. 

There is no doubt but that the bulking effect of admixtures is due 
partly to the water it carries into the mass. The effect of this water on 
the strength of concrete is not detrimental as shown by the strength tests 
and further indicated by Fig. 4 in the paper under discussion, where the 
water cement ratio is platted against the compressive strength. 


Question Six—To what extent are the voids or the density of concrete 
affected by the use of admixtures? 

It will be noted that in the paper presented that the densities of the 
concrete measured vary but little. This is another point where field con- 


338 EconoMIc VALUE OF ADMIXTURES. 


crete varies from laboratory concrete, as the methods of mixing and plac- 
ing, etc., of the concrete in the laboratory allow considerably more control 
of this factor than in the field, and therefore would not allow the admix- 
ture to function as effectively as could be expected in the field. Field con- 
crete should be mixed with as little water as possible so that the consistency 
will be as dry as can reasonably be used in placing the mixture properly. 
It is obvious that the more workable the concrete is, the dryer it may be 
in consistency and at the same time be placed with the same amount of 
labor. Using the figures as given in the paper under discussion, it is 
possible to increase the workability of the concrete about thirty per cent 
accompanied by an increase in the water cement ratio of about eight per 
cent with practically identical strengths. In concrete road work it has 
been found not only desirable, but under certain finishing conditions, neces- 
sary to mix concrete of a drier consistency when the admixture was used. 


Question Seven.—Do admixtures tend to prevent loss of water from 
the concrete by evaporation under dry or partially dry storage conditions? 

It will be noted that the actual loss of water was greater with the 
specimens containing admixtures. This statement, however, is without ref- 
erence to the fact that more water was used in the mixtures containing 
admixtures. 

The computation for loss of water, to be absolutely correct, should 
take into consideration the amount actually used in the mixture as well as 
the amount of shrinkage during setting. With these factors considered, it 
would be a question if there actually was a relative loss, or if in some 
cases a relative gain might not be observed. 


Question Eight.—Is the use of admixtures considered advantageous 
and advisable, all things considered? 

This question is in general more or less of a summary of the advan- 
tages and possible disadvantages due to the use of approved admixtures. 
In an analysis of this nature, the concrete must be pictured in place. The 
laboratory is only of value when its determination can be practically 
applied. There are many troubles apparent in the fabrication of field con- 
crete, however, which can only be counteracted in the field. 

The paper under discussion brings out what is to my mind a very 
important factor in field concrete. We have learned that wet concreté is 
inferior to that relatively drier but at the same time workable. This, to 
date has been measured by consistency alone. It can now be seen that 
workability and consistency are two entirely different things, and the 
former is far the most important in field work, as the latter is but a 
secondary matter when practical application is concerned. 

The use of admixtures should not only be considered with reference 
to the elimination of segregation when the mass is being placed but should 
also be given credit for functioning while the materials are in the mixing 
drum. It should be realized that the usual mixing time is by no means 
sufficient to make a uniform concrete, and that any process that will 
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decrease friction between the particles during this period will allow a 
greater dispersion within the given period. 

ae has been stated that the effect on strength in the laboratory is 
negligible and that such conditions as found in the laboratory will have a 
tendency to eliminate certain field problems the powdered admixture is in- 
tended to solve. Possibly the best example of this might be found in tests 
of concrete pipe. Tests of laboratory made concrete pipe showed an in- 
crease in crushing strength of about five per cent when three per cent of 
celite was added, but when the same amount was added in the commercial 
product, a fifteen per cent increase in strength and greater uniformity was 
obtained. The same amount of admixture, however, was used in the same 
proportions of concrete (1: 114: 3) but placed in the standard 6x 12 in. 
cylinder, which required a considerably smaller quantity of concrete, showed 
no increase. This would indicate that the size of the structure is to be 
considered. The general run of admixtures show no indication of possess- 
ing cementing qualities, so that under no circumstances should they be sub- 
stituted for cement. Their value should be in producing workability and 
uniformity alone, and their cost should be judged only after the advantage 
along these lines has been considered. The admixture itself must also be 
considered as it does not follow that any material in powdered form will 
be suitable. 

When the problems encountered in field concrete are considered, it is 
surprising how little advantage has been taken of the vast amount of labo- 
ratory work which has been carried on. This may be due to the fact that 
considerable of the data available are not applicable to field results and 
partly due to inability to get the same results in the field as were secured 
in the laboratory. A large part, however, must be due to ignorance of the 
variation of the product, or if such knowledge is available, to ignorance of 
how to control it. 

Durr A. ApramMs (by letter)—The paper by Messrs. Pearson and 
Hitchcock is an important contribution to our knowledge of the effect of 
inert powdered admixtures in concrete. The new method of measuring 
workability of concrete is an interesting modification of the flow test. 
Certain defects in the test are pointed out and subjects for future investi- 
gation are indicated. It would be of interest to study this test in concrete 
made of crushed aggregates. 

While the new test for workability is a step in advance for research 
work, it is the writer’s belief that the slump test made in the manner 
recommended by the American Society for Testing Materials has a decided 
place, especially as a control test on the work where more refined methods 
are unnecessary. Too much accuracy must not be expected in such a 
test; the main thing is to see that concrete of a slump of 8 or 10 in. is 
not used when the quality of concrete required in the work is such that 
a slump of 3 or 4 in. should be used. 

As soon as engineers, owners and contractors fully realize that proper 
control of quantity of mixing water pays big dividends and that using an 
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excess of mixing water produces exactly the same effect on the concrete as 
cutting down the cement in the batch, there will be a marked improve- 
ment in common practice in this report. 

Compression tests were made on four concretes using three admixtures 
in the percentages shown below: 


Concrete Mix Lime Kaolin Celite 
12134 33 5, 10 Stay, Wor 15754353 
Ig Bet! do. do. do. 
1:2% : 5 ao eal One Spor Waly LW ees, @ 
P36 do. do. do. 


The author points out that the effectiveness of the same quantities 
by weight of hydrated lime, kaolin, and celite is approximately propor- 
tional to the numbers 1, 2, and 3. It seems to the writer that these ma- 
terials can most conveniently be studied when expressed in terms of the 
volume of cement. The weight of the lime, as reported in a paper by the 
same authors before the 1923 Convention of the American Society for 
Testing Materials*, was about 32 lb. per cu. ft., kaolin 34.5, and celite 
about 10.5. For the same methods of test the unit weight of the cement 
was 89 lb. per cu. ft. Therefore, if the percentages by weight are expressed 
as percentages by volume, we find that in the case of hydrated lime and 
celite, 14, 28 and 42 per cent of admixture by volume of the cement were 
used in the 1 : 3: 6 and 1 : 2% : 5 concrete mixtures, and 14 and 28 per 
cent for the 1: 2:4 and 1:14:38. The corresponding percentages by 
volume for kaolin, calculated in the same way, were about two-thirds of 
these values. Thus the authors’ data show that equal volumes of celite 
and hydrated lime had approximately the same effect on the workability 
of the concrete. In the case of kaolin only about two-thirds as much was 
used to produce the same effect. 

Tests of the effect of powdered admixtures on the strength of con- 
crete carried out in the Structural Materials Research Laboratory, Lewis 
Institute, Chicago, have shown that the hydrated lime and other inert 
powdered materials reduced the strength nearly in proportion to the quan- 
tity of admixtures. For the usual concrete mixtures the reduction in 
strength varied from 0.25 to 0.75 per cent for each 1 per cent of admixture 
by volume of cement.* These tests, using the slump method, failed to 
show any increased workability by the use of powdered admixtures. In 
any discussion of this subject the effect of admixtures on workability is 


*A Penetration Test for the Workability of Concrete Mixtures with Particular 
Reference to the Effects of Certain Powdered Admixtures, by J. C. Pearson 
and fF, A. Hitchcock, Proc. Am. Soc. for Testing Mat., vol. 23, 1923. 

*See “Effect of Hydrated Lime and Other Powdered Admixtures in Concrete,” 
Proc. Am. Soc. Testing Materials, Part II, 1920; also Proc. 1921. Reprinted 


as Bulletin 8, Structural Materials Research Laboratory, Lewis Institute, 
Chicago. 
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vital and consequently the method of measuring workability is of para- 
mount importance. 


It appears that certain important relations shown by these tests were 


not sufficiently emphasized by the authors. We might add the following 
to the questions propounded: 


NOK ALITY FIGUTC 
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Question (a) Does portland cement affect the workability of concrete 
in the same manner as the other powdered material 
used ? 
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A.— EFFECT OF CEMENT AND POWDERED ADMIXTURES ON THE WORKABILITY 
OF CONCRETE. 


Data from “Weonomie Value of Admixtures,” by Pearson and Hitchcock. 

Comparisons made for concrete containing same yolume of powdered 
material (cement plus admixture) expressed in terms of volume 
of cement in 1 :3 :6 concrete. 

Workability measured by penetration method. 


Question (b) Without regard to concrete strength, what material pro- 
duces the desired workability at the least cost? 

Question (c) For a given concrete strength, with what material can a 
desired workability be obtained at the least cost? 

Question (a)—The authors point out that the workability is im- 


proved by the addition of 25 per cent cement to about the same extent as 
by addition of 4 per cent by weight of celite, 8 per cent of kaolin or 12 


per 


cent of lime. It is significant that these four percentages expressed by 
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weight represent approximately the same volumes of the material, and that 
on a volumetric basis, portland cement is about as effective in increasing 
workability as the other powdered admixtures. 

It will be of interest to make a further study of the effectiveness and 
economy of cement as compared with the other powdered admixtures. To 
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PIG, B._EFFECT OF CEMENT AND POWDERED ADMIXTURES ON THE WORKABILITY 
OF CONCRETE. 


Data from “Economie Value of Admixtures.” 

Comparisons made for concrete containing same quantity of mixing 
water, expressed in terms of volume of cement plus admixture. 

Workability measured by penetration method. 


facilitate these comparisons, the 1 : 3 : 6 concrete, without admixtures, has 
been taken as a basis, and additional volumes of the admixtures (ineluding 
cement) are expressed as percentages of the volume of the cement in 
1:3:6 concrete. For example, a 1:14 :3 concrete is equivalent to a 
1:3:6 mix with 100 per cent admixture of cement; similarly the 
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1:14 :3 concrete with an admixture of 14 per cent of powdered ma- 
terials by volume is treated as a 1: 3:6 concrete with 12.8 per cent. of 
admixture. 

Fig. A gives the relation between the “workability figure” and the 
percentage of admixtures on this basis. The curve was drawn through 
the values for concrete containing cement only. Since only one of the 
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FIG. C.—RELATION OF WORKABILITY AND STRENGTH OF CONCRETE. 


Data from ‘‘Economiec Value of Admixtures.”’ 
Compression tests of 6 by 12-in. concrete cylinders cured in “damp 


closet.” 
Workability measured by penetration method. 


values for the powdered admixtures fall to the left and below the curve 
for “plain” concrete, it is evident that for a given volume of admixtures, 
cement was most effective in increasing workability. 

Our Fig. A is based on the same data as Fig. 1 in the paper. It is 
difficult to see the justification for the continuous curve in Fig. 1. Such 
a curve gives an erroneous impression, since there is no direct relation 
between the adjacent groups of points (for different mixes); there are 
in reality four unrelated segments. 
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While Fig. A gives a fair representation of the data, the cement is not 
compared on the same basis as the other admixtures, since approximately 
the same water-cement-ratio was used for a given mix, regardless of the 
quantity of admixture. A more accurate comparison is to express the 
water-ratio in terms of the volume of cement and admixture. In Fig. B 
this method has been adopted. The water-ratio is expressed in terms ‘of 
the volume of cement plus admixture. The curve is drawn through the 
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FIG. D.—COST OF CEMENT AND ADMIXTURES IN CONCRETE OF DIFFERENT 
WORKABILITY. 


Data from ‘‘Economic Value of Admixtures.”’ 

Comparisons made for equal workabilities ; strength variable, 
Workability measured by penetration method. 

Compare Fig. B and F. 


points for the plain concrete. This seems permissible since the powdered 
admixtures have about the same normal consistency, by volume, as cement 
when determined by the Vicat needle. This diagram shows that essen- 
tially the same degrees of workability were obtained for the different ma- 
terials (cement, lime, kaolin, and celite) when compared in this manner. 
While the points cover a fairly wide band, no decisive advantage is shown 
for any one material. 

Question (b). Fig. C shows the relation between workability and 
strength of concrete cured in a moist room, and shows that except in two 
instances, for equal workability the plain concrete has considerably higher 


————— 
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strength than that containing admixtures. Concrete stored out-doors and 
in the Laboratory were not studied in this way, as the authors state in 
j 6“ . . * 

Conclusion 3 “The slight tendency toward reduction in strength of concrete 
containing powdered admixtures, was, if anything, more pronounced under 
dry and partially dry curing conditions, than under damp _ storage 
conditions.” 

Fig. D shows the relation between workability and the cost of the 
cement plus admixture, per cu. ft. of concrete. The following prices were 
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FIG. E.—COST OF CEMENT AND ADMIXTURES IN CONCRETE OF DIFFERENT 
STRENGTHS. 


Data from “Economic Value of Admixtures.”’ 

Compression tests of 6 by 12-in. concrete cylinders cured in “damp 
closet.” 

Compare Fig. D and F. 


assumed for carload lots in Chicago: cement, $2.20 per bbl. (about $12 
per ton of 2000 lb.) ; lime, $20 per ton; kaolin $25 per ton; celite $60 per 
‘ton. In estimating the amount of material required per cu. ft. of con- 
crete, the percentages of cement given in Table 1 of the paper were used. 
The cement was assumed to weigh 94 Ib. per cu. ft. The curve shows that 
the cost of the cement required to give a certain degree of workability is 
about the same as for the other admixtures, and that no advantage is 
shown for one over the other. Any desired degree of workability can 
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be secured as cheaply with cement as with any of the admixtures in- 
vestigated. 

Question (c). Fig. E shows the relative cost of cement plus admix- 
ture in a cu. ft. of concrete compared on the basis of the strength of eylin- 
ders stored in the damp closet and tested at 28 days. The curve is drawn 
through the points for “plain” conerete. The points for the admixtures 
are to the right and below the plain concrete curve, showing that for 
equal strength plain concrete costs from 1 to 2 cents less per cu. ft. than 
concrete with the admixtures. 
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FIG. F.—-COST OF CEMENT AND ADMIXTURES IN CONCRETE OF DIFFERENT 
WORKABILITIES BASED ON CONCRETE OF SAME STRENGTH, 


Data from “Economie Value of Admixtures.” 
Compare Fig. D and EH. 


Fig. F combines the information in Fig. D and E and shows the rela- 
tion between workability and cost for equal strengths. The cost of cement 
plus admixture per cubic foot of concrete was divided by the strength 
(in 1000 1b. per sq. in.) of specimens stored in the damp closet and plotted 
against the workability of the concrete. The curve was drawn through 
the points for “plain” concrete. It will be seen that for a given worka- 
bility the cost of cement plus admixture is less for “plain” concrete than 
for concrete containing the other admixtures. 
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The above diagrams show that concrete of the same workability can 
be obtained by using additional cement as well as by the use of admix- 
tures, and at no greater cost. The additional cement will, at the same 
time, increase the strength of the concrete about 1 to 11% per cent for each 
1 per cent used; that is, the addition of 10 per cent of cement to a con- 
crete of the usual mixtures will increase its compressive strength ap- 
proximately 10 to 15 per cent. When the cost per volume per unit of 
compressive strength is considered, it is much more economical to obtain 
the desired workability by means of cement than by any of the admix- 
tures investigated. The cost of the concrete made with the admixtures 
does not include the added cost of handling a separate material in com- 
paratively small quantities. 5 

It is interesting to note that the water-ratio strength curve from the 
tests of Messrs. Pearson and Hitchcock (Fig. 4) is almost identical with 
the curve of this type which appears in the writer’s paper on “Design of 
Concrete Mixtures.”’ 


WHAT WE MAY EXPECT TO DO WITH ALUMINATE CEMENT THAT 
WE CANNOT DO WITH PORTLAND CEMENT, BASED ON 
COSTS AND RESULTS OBTAINED ABROAD. 


By Henry S. SPACKMAN.* 


My first impulse on reading hurriedly Mr. Whipple’s letter asking me, 
as the American discoverer and patentee of aluminate cement to talk to 
you of these cements at this meeting, was to decline. It seemed too much 
like asking a fond father to express publicly his dreams of his son’s future 
when the boy was still in swaddling clothes. But on re-reading I noticed 
the saving words at the end of the title, “based on the costs and results 
obtained abroad.” This let me out. It was not of the infant American 
industry I was to talk but of his big cousin, that lusty, thriving, still grow- 
ing young giant, the French aluminate cement industry, which has estab- 
lished a right to demand your serious consideration of its product by 
twelve years’ use in all fields of construction and four years’ use under the 
trying conditions of modern warfare. I am not going to try and tell you 
what aluminate cement is from the chemical standpoint or to explain the 
scientific reasons for its high strengths at short periods and its resistance 
to attack by sea water. Instead, I shall confine myself to statements of 
what it has done and will do in actual work. 

Aluminate cement has two exceptional qualities that differentiate it 
sharply from all other hydraulic binders. These are the rapidity with 
which it attains maximum strength and its resistance to chemical attack 
by sea water and waters containing sulphates of the alkaline earths in solu- 
tion. We will consider first the remarkable high strengths of aluminate 
cement at short time periods, that is, at 24 hours, 3 days and 7 days. In 
this development of high strength at early periods aluminate cement is as 
superior to portland cement as portland cement is to natural cement, or 
natural cement is, in turn, to lime. The difference in the rate of hardening 
between aluminate cement and other hydraulic cements is as great rela- 
tively as the difference in time of traveling between the ox-cart that brought 
our forefathers to Chicago and the Pennsylvania Limited that brought me. 
Aluminate cement concrete mixed one cement, two sand, four stone or 
gravel, will give at 24 hours a resistance to compressive stress of 3,000 lb. 
per sq. in.; at 3 days, 4,000 lb. per sq. in.; at 7 days, 5,000 Ib. I am not 
referring now to strengths developed in laboratory tests, but to the 
strengths you can safely count on getting in the work using average aggre- 
gate and workmanship. Tests were made on 6-in. cubes. 

What does such early strength mean to the worker in concrete? It 
means that a concrete road can be opened to traffic 48 hours after pouring. 
For example, at Le Teil, France, a section of concrete road poured between 
S p. m. Saturday and midnight was opened to traffic early Monday morn- 


*Consulting Engineer, Philadelphia, Pa. 
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ing and carried a five-ton tractor hauling heavy loads without marking the 
concrete. At Lausanne, Switzerland, a bridge was opened to traffic 48 
hours after the concrete was poured. A 12-ton tractor passed over the 
bridge the first day without the slightest injury. These early strengths 
also mean that in reinforced-concrete work you can pour a story one day 
and use the forms again three days after. This was done in the con- 
struction of a round house for locomotives at Betheune, France, for the 
Railroad Company of the North. L. Peulabeuf, the contractor, used alu- 
minate cements. The design called for the construction of 150 concrete 
chimneys, each 23 ft. high, and weighing 4,500 lb., carried by a reinforced- 
concrete roof and girders which had a 20 ft. span. The forms for both 
roof and chimneys were removed 48 hours after pouring. Using portland 
cement the forms and supports had to remain in place 20 days. It is 
proper, however, to state that French portland cements are slower harden- 
ing than American. _ 

In reporting on the use of aluminate cement for the construction of a 
reinforced-concrete building at Chateau Roux, Indre, France, M. Blanchett 
stated that the forms were removed in 48 hours from the beams and 3 
days from the girders, and that a saving of two-thirds of the form lumber 
that would have been required for doing the work with portland cement 
was made. — 

Aluminate cement also makes possible the use of reinforced-concrete 
in the structural alterations of occupied buildings. In such work aluminate 
cement can be used with the same felicity as structural steel. Perret 
Freres, of Paris, were entrusted by the Bank La Societiee Marsiellaise de 
Credit with the alteration of a five-story building on Rue Auber, Paris. 
It was proposed to substitute for a maze of small rooms and passages on 
the ground and second floors, the large reception halls and offices of a 
modern bank. In visualizing the problem, you must realize that the par- 
titions were all masonry extending up from the cellar and carried the 
superimposed load of the three upper floors. To make the task more diffi- 
cult, it was stipulated that the work must be carried on without inter- 
rupting the labor of the office force working in these two stories and with- 
out inconvenience to the tenants who occupied the three upper floors. 
Structural steel columns and girders could not be used because it would 
have been impossible to get them into the building and put them into 
place without interfering with the occupancy of the two lower floors. Re- 
inforced portland cement concrete could not be used because it would have 
necessitated the leaving of the forms and supports in place for several 
weeks in the office space required for the employees. Recourse was had to 
aluminate cement, which met the requirements of this difficult situation 
in every particular. Forms were removed in 48 hours and by reason of 
its greater strength a considerable reduction was made in the area of col- 
umns and depth of girders. 

Actual use in winter work has shown that the hardening of aluminate 
cement is less affected by low temperatures than is the hardening of port- 
land cement concrete. The French claim that provided the concrete is kept 
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from freezing when it is being put into the forms and for two or three 
hours after, the development of strength will not be retarded by cold, the 
heat given off in setting being sufficient to prevent freezing. Whether this 
would be true in the severe cold of our northern winter is doubtful to me, 
but the ability to harden at lower temperatures than portland is a great 
advantage for late fall and early spring work, as it will obviate the annoy- 
ing condition that most workers in concrete have met with from time to 
time by having concrete, though unfrozen, lie inert in the forms for days 
because of the low temperature of the concrete, even though the tempera- 
ture of the air is quite high. The manufacturers of concrete products find 
the rapid hardening of aluminate cement concrete of great advantage. It 
reduces the number of moulds required, does away with expensive storage 
sheds for curing the products and the tying up of capital in products under 
process of hardening. The concrete products can be shipped 24 hours after 
casting. It also permits the manufacture in the field and the almost 
immediate putting into use of such products as water pipe, reinforced 
piles, poles for support, electric wires, ete. Reinforced-concrete piles can 
be driven three days after casting and water pipe put under heavy pressure 
in 48 hours. 

It will probably be interesting to you at this point for me to discuss 
the relative difference in cost between aluminate and portland cement con- 
crete. According to the best information I can obtain, aluminate cement 
in France sells at the mills for between two and a half and three times 
the price of portland cement. This means, allowing on the average $1.00 
per barrel for handling, that is, railroad freights, hauling, etc., that alu- 
minate cements cost delivered on the work from two to two and a half 
times as much as portland cement. For example, if portland cement cost 
$2.00 F. O. B. mill, and aluminate cement $6.00, with the addition of a 
handling cost of $1.00, the cost delivered on the job will be $3.00 for port- 
land cement and $7.00 for aluminate cement, which is two and one-third 
times the cost of portland. At first thought, such a difference may seem 
prohibitive to you except in special cases where the time element or re- 
sistance to chemical attack makes the question of cost negligible. Such, 
however, has not proved to be the case in France. The best evidence of 
this is that it is today impossible to buy aluminate cement anywhere in 
Europe for immediate delivery. All the mills manufacturing aluminate 
cement are over sold. It is more difficult to obtain exact cost data than 
information regarding the behavior on the work. Therefore, I can quote 
only general statements. 

Mr. Blanchet writes: “One sees that without mentioning the quick- 
ness of the process, that the economy realized in the forms makes up and 
more for the higher price of aluminate cement.” 

Mr. Louis Peulabeuf writes: “I believe that aluminate cement will be 
the cement of the future for reinforced-concrete work, when its price will 
permit one to employ it in a more general fashion. Nevertheless, for the 
present in spite of its high price if one takes into account the economy in 
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forms that it permits one to make, there will be found a large compensa- 
tion for its cost.” 

Edwin C. Eckel, who made a study of the aluminate cement industry 
in France during the past summer, writes in December Concrete: “The 
apparent disadvantage, its necessarily high cost per barrel, is only appar- 
ent, for aluminate cement whatever its cost per barrel makes a cubic yard- 
of concrete harden in place at a lower cost than any other cement owing 
to the economies possible in proportions, labor, forms and time.” 

Following the same line of thought as Eckel, Prof. Paris, of Lausanne, 
has made a series of calculations which show that at current prices in 
Switzerland, the cost per 100 Ib. per sq. in. resistance at 28 days in con- 
crete is less for aluminate cements than for portland. At shorter periods, 
three days for example, the cost of 100 lb. per sq. in. of resistance to com- 
pression with aluminate cement is one-third that of portland. 

Aluminate cement is no longer regarded as new or experimental in 
France. It is considered competitive with portland in much work and, in 
addition, has a recognized though constantly expanding field of its own, 
in which the specification of aluminate cements for work is considered 
almost mandatory. They are used in the largest work, for example, the 
tunnel at Brauss required some 75,000 bbl. and practically all the cement 
work used in Paris for street work is now aluminate cement. 

Aluminate cement, however, has a quality even more valuable than 
the development of high strength at early periods, that is, resistance to 
chemical attack of waters carrying sulphate salts in solution. Extended 
laboratory research and results of use have proved beyond question of 
doubt that portland cement is not stable in sea water. Though many port- 
land cement concrete structures exposed to the action of sea water have 
been and are giving good service, this resistance to the destructive action 
of sea water is not due to any particular virtue of the cement used, but 
to the protective action of the aggregate which prevents the sea water 
from coming in contact with the cement. Any portland cement concrete, 
exposed to sea water, sufficiently porous to allow the water to pene- 
trate, it will inevitably be destroyed by chemical action, and what is true 
of sea water is equally true of ground water impregnated with sulphate 
salts of the alkaline earths. Therefore the importance of resistance to 
chemical attack is not confined solely to marine structures. Indeed, the 
ground water of many of our large cities is contaminated by sulphur. 
In Philadelphia, this is particularly noticeable. I have known the sulphur 
content of the ground water to prevent concrete from hardening in deep 
foundations for two or three weeks. What the ultimate effect of this 
sulphur on the durability of the foundation will be is not difficult to 
predict. 

' In Europe, owing to the character of their coasts, there is much port 
and harbor work which requires a greater use of concrete in sea water 
than is common here. For this reason the failure of cement in sea 
water has been given more careful study than with us. As early as 1853, 
on account of the numerous reports of the deterioration of marine struc- 
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tures, the French Society for the Encouragement of National Industry 
offered a reward for the best study on the cause of failure of cement in 
marine work, and for the past seventy-five years Huropean engineers, 
chemists and cement manufacturers have been seeking to find a cement that 
would be indecomposible in sea water, and it was the continued search 
for such a cement that led ultimately to the development of the aluminate 
cement industry in France. 

It may be well at this point to touch upon the genesis of aluminate 
cements. The story of their discovery is that of two investigators, widely 
separated by distance, each ignorant of the other’s work, and each start- 
ing with a slightly different aim in view, reaching in the end the same 
conclusion and results. I refer to the work of Monsieur Jules Bied and 
myself.* Mr. Bied, the Chemical Director of the La Farge Company, to 
whom the development of the aluminate cement industry in France is 
due, started his research with the specific object of finding a low lime 
hydraulic cement that would be resistant to the attack of sea water. 
Whether it was higher testing than portland cement or not was imma- 
terial, as was the question of rapid hardening. The sine qua non was that 
it must be resistant to the attack of sea waters. On-the other hand, my 
object was to develop a cement that would be quicker hardening, stronger 
and more durable under ordinary conditions than portland cement, with- 
out specific regard to its behavior in sea water. In aluminate cement we 
both found our desire realized, but it was the resistance of aluminate 
cement to sea water, not its high strength at early periods, that led to 
the development of the aluminate cement industry in France, and I do 
not think the especial value these early strengths gave it for use in gen- 
eral construction was realized at first in France. At all events, I can 
find no record of the use of aluminate cements solely because of its higher 
early strength prior to the use for artillery foundations, ete., during the 
war. Before that aluminate cements seemed to have been used only 
where subject to chemical attack. 

To return to our subject, the deterioration of portland cement in sea 
water is due to two causes, one physical, the other chemical. The physical 
decomposition is caused by the crystallization in the pores of the concrete 
of the salts dissolved in the water. This crystallization is produced when 
the concrete is exposed to alternate wetting and drying. It is mechanically 
similar to the effect of freezing and can be guarded against by using dense, 
impermeable mortars. Chemical decomposition is caused by the sulphur 
attacking the lime or high lime compounds in the hydrated cement, form- 
ing basic sulpho aluminates. The very bulky crystals of this salt which 
develop in the pores and interstices of the concrete act as innumerable 
wedges forcing it apart. If the current of the sea water percolating 

* It was with great sorrow that I learned since the writing of this paper of 
Mr. Bied’s recent death, as during my two years’ service in France as Command- 
ing Officer of Cement Section, A. E. F., we saw much of each other and became 


strong personal friends, and have since co-operated and exchanged information 
concerning aluminate cement. 
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through the concrete is sufficiently rapid, the sulpho aluminates may be 
washed out and the action continued until the cement gangue be com- 
pletely decomposed to a sandy mass. Both the physical and chemical 
action is accentuated by wave action, and in many cases of failure both ~ 
causes of decomposition are present, each accentuating and intensifying 
the action of the other. 

Immediately upon Bied’s announcement of aluminate cement and its 
production in sufficient quantity, it was subjected to the most rigid tests 
in both governmental and private laboratories in Europe and under con- 
ditions of actual work. These tests proved, as would be expected from 
its chemical composition, its resistance to the attack of sea water. The 
test of the Paris Lyon Meddeterannie Railroad Company, begun in’ 1916, 
made necessary by the destruction by sulphated waters of the Brauss tun- 
nel, show that aluminate cements resist perfectly the attack of water 
impregnated with sulphate of lime, even when a large part of the sand is 
replaced by anhydrate. As a result of these tests, aluminate cement was 
used in the reconstruction of the tunnel and is now specified by the rail- 
road company for all concrete work exposed to sulphate carrying waters. 

Dr. Jeaneret made very severe comparative tests between portland and 
aluminate cement, specimens were made one part cement, two parts sand 
and one part gypsum. ‘These were rammed into molds and then immersed 
in water. The test specimens made of portland cement began to disinte- 
grate shortly after two months’ time. After three months the rapidity of 
disintegration was increased. At the end of four months the aluminate 
cements showed absolutely no trace of destruction and gave compression 
strengths almost three times greater than was obtained from the two port- 
land cements tested. 

Candelot writes: ‘Whatever the explanation, the long experience we 
have now had with aluminate cement has shown that its resistance to sea 
water action is perfect not only in the laboratories, but in extensive prac- 
tical use. * * * The aluminate cement therefore resolves all question 
as to concrete construction either in sea water or in alkaline soils.” 

Other advantages not so immediately obvious as high strength at 
early periods and resistance to the attack of sea water are claimed for 
aluminate cement. It is stated that the concretes made from aluminate 
cement are more elastic and have higher tensile strength than those made 
from portland. These characteristics combined with the high resistance 
to compressive stress make possible a marked reduction both in the area 
of reinforced-concrete members and in the amount of reinforcing still re- 
_ quired. On one piece of work, a tobacco manufacturing plant involving 
the use of about 150 yards of reinforced-concrete, a saving was made 
through reduction in area of 14 per cent of the amount of aggregate 
and cement required and of 7 per cent in the amount of reinforcing steel. 
The design and calculation for the reinforced-concrete work on this job 
were made by Mr. Guillaume, the consulting engineer of the Societee Cen- 
tral de Travaux Public. Such a reduction in area more than compensates 
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for the extra cost of the cement and leaves the indirect gain, such as 
saving in time, amount of form lumber, ete., clear profit. 

The second of these advantages is that the hardening of aluminate 
cement concrete is not materially affected by low temperatures. 

The third is that with any given fine aggregate, aluminate cement 
used in the same proportions will give a denser, more impermeable and less 
absorbent mortar than portland cement. This is an important factor in 
connection with resistance to the physical attack by sea water on concrete 
structures. 

Aluminate cement mortars are more plastic than portland cement and 
do not shrink in setting. These characteristics combined with quick hard- 
ening and impermeability, make aluminate cement particularly adapted for 
outside plaster. 

In my talk today I have purposely confined myself to a bare recital 
of information that has come to me from France. I have also limited the 
discussion to fields in which aluminate cement is directly competitive with 
portland and have cited in support of each major claim actual work giv- 
ing the names of the place where used and of the user. I could multiply 
these citations indefinitely, but believe I have said enough to convince you 
that using aluminate cement it is possible to build concrete marine struc- 
tures with the positive assurance that they will be immune from the in- 
sidious chemical attack of salt water and that you can put plain or rein- 
forced concrete structures into service and subject them to the full load 
for which they are designed in from 48 to 72 hours after pouring. 

As to how and to what extent aluminate cements will affect the con- 
crete industry in this country for the future, you gentlemen are in a better 
position to express an opinion than I. But, in closing, I will make this 
prophecy,—as portland cement has been the magic and reinforcement the 
great romance of concrete during the past twenty years, so aluminate 
cement will be the fairy wand whose use will make a reality of your 
dream of lighter, more elastic, more beautiful and more enduring concrete 
structures for the future. 


DISCUSSION. 


P. H. Bares.—Though Col. Spackman’s paper is extremely interesting, 
I am sorry that I cannot be particularly enthused with the prophecy 
which forms the conclusion of the paper. Acknowledging that these 
alumina cements are superior in many ways to portland cement when 
measured in terms of the latter, yet there are a number of questions which 
must be considered other than simple strength alone. 1 believe it were 
desirable to not anticipate too much, but bear in mind all the conditions 
obtaining abroad, where these cements have so far alone been produced. 

At the present time these cements are manufactured alone by Ancienne 
Société J. & A. Pavin de LaFarge. This is a French company which is 
generally known in this country as the LaFarge Cement Co., and one of 
its products has enjoyed almost constant use in this country for a number 
of years, namely, LaFarge White Portland Cement. But the alumina 
cement, which is the cement referred to by Col. Spackman, and this 
LaFarge White Portland Cement are only two of a large number of 
cements which this company manufactures. In addition to these, it pro- 
duces several varieties of portland cement designed to have certain, but 
different, setting and hardening qualities; a number of natural cements, 
hydraulic limes, and slag-portland cement. It produces all of these for a 
definite purpose, and the consuming public in France apparently knows | 
sufficient about these different cements to use them properly. This com- 
pany is not advocating or believing that the alumina cements will be the 
cement of the future, but rather, one of a number of cements, This is 
well illustrated by the fact that the Paris representative of this company 
in October of last year, in an interview in Paris, commented to me far 
more on the value of hydraulic limes for sea water purposes than on any 
of the particular qualities of the alumina cement. 

At the present time this cement is being manufactured alone by the 
LaFarge Company. No manufacturers in any other place in the world 
are at the present time producing it commercially. M. Jules Bied, who 
was formerly the Technical Director of the La Farge Company, undoubt- 
edly developed this cement abroad, independently of any work in this 
country. He left the LaFarge Company and organized another company, 
which was engaged in its manufacture. However, at the time I visited 
him last October his company was not engaged in manufacturing, due to 
shortage of power, but were contemplating resuming manufacturing at 
another point on the completion of a plant. What effect his death will 
have upon this is not known. The LaFarge Company was manufacturing 
at the rate of 30,000 tons (180,000 barrels) per annum, but expected to 
have equipment in place so that by the first of the present calendar year 
they would be producing at the rate of 50,000 tons per year. 
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It should be remembered that these cements are manufactured from 
bauxite and limestone. In other words, instead of using clay and lime- 
stone as would be done in portland cement, a material much higher in 
alumina than clay must be used. This has been found in the bauxites 
too poor to be used in the manufacture of metallic aluminum. The source 
of this raw material is far more limited than clay. This is true in France 
as well as in this country, and as a consequence the price at the present 
time in France is about two and one-half times that of portland cement. 
This matter of the distribution of bauxite in this country must not be 
lost sight of. The nearest workable source to the New York district 
would be Georgia, and to Chicago would be Arkansas. The distances of 
these from the markets can be appreciated. The same condition exists 
in France. The bauxites are available in only the southernmost parts of 
France, but France is a relatively small country and the transportation 
charges for the haul from the source to the market would be considerably 
less than in this country. 

You are all possibly aware that the Bureau of Standards published in 
1919, at the meeting of the American Society for Testing Materials, some 
data it had obtained in testing these cements, made in its own experi- 
mental cement plant. This data was supplemented in 1921 by further 
data showing, as is well known, the rapid hardening but not rapid 
setting of these cements, and the high strengths that they consequently 
attain at early periods. The data thus obtained further showed that 
there was but a slight gain in strength with age, and that in the presence 
of moisture there was a falling off in strength at later periods. This has 
never been denied abroad, and M. Bied in a publication of his devotes 
about two pages to a discussion of the Bureau’s work, in which he not 
only does not deny this quality of the alumina cement, but also calls atten- 
tion to the fact that the French have found the same result, but at the 
end of their later periods of test the alumina cement is still higher test- 
ing than portland cements. To this we agree. At the present time the 
Bureau is making another series of burns of this cement in its own plant, 
in which it hopes to study further the reaction of these cements towards 
sea water, sulphate salt solutions, and in reinforced-concrete. 

It is not to be inferred that we are pessimistic in regard to the quali- 
ties of this cement. On the contrary, we are very enthusiastic in regard 
to these, but it were well to more thoroughly investigate and consider 
their qualities before becoming over-enthusiastic in all respects. There 
are several unquestionable fields open to their use. Their application, 
as abroad, in city street repair work and city street paving would insure 
quite a demand and would justify their extra cost. Many repair jobs are 
of the same general nature. Where quick construction is demanded they 
would again find a large use. If they should be shown to be resistant to 
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sulphate water another very large field would be laid open. Though it has 
not yet been proved conclusively that they can be applied in this latter 
field, yet should it be proven they will have filled a want that would jus- 
tify all that is being hoped of them. 

It is rather strange that the interest in these cements should be 
aroused in this country through what has been done in France. Spackman 
and Lazell took out the patents in this country covering the manufacture 
of these in 1908 and 1912, yet nothing was done towards utilizing these, 
until the latter part of this last year in this country. Publications were 
issued in this country and abroad as early as 1919 showing very con- 
clusively certain of their properties, yet it was the impetus of foreign 
usage which alone has aroused any interest in this country. 


FIELD TESTS OF CONCRETE. 
By Joun G. AHLERS* AND STANTON WALKER.** 


Tests made during the summer and fall of 1923 in New York 
City through the co-operation of the New York Group of 
Contractors and the Structural Materials Research Labora- 
tory, Lewis Institute, Chicago. 


Since the organization of the American Concrete Institute, twenty 
years ago, the uses of concrete have developed to such an extent that from 
being considered merely as a substitute for stone masonry in the construc- 
tion of massive work, it has become one of our most important structural 
materials. The annual production of 22,300,000 bbl. of cement in the 
United States in 1903, and of 137,000,000 bbl. in 1923 gives some idea of 
the enormous increase in the volume of concrete manufactured. 

Researches into the properties of concrete have been under way for 
many years by several investigators in the United States and Europe; but 
only within the past few years has extensive and accurate information, 
applicable to the production of concrete in the field, been obtained. In the 
summer and fall of 1923 strength tests of concrete were made during the 
period of construction of five reinforced-concrete buildings in New York 
City. These tests were an outgrowth of an extensive series of field investi- 
gations undertaken to establish means of introducing into practice some of 
the improvements in the technique of concrete-making, which recent re- 
searches have indicated are desirable and to determine the practicability 
of securing the compressive strength desired in concrete produced under 
field conditions. 

The first of these field investigations was planned and carried out by 
the Joint Committee on Standard Specifications for Concrete and Rein- 
forced Concrete, in co-operation with the General Committee of Contractors. 
The General Committee of Contractors was formed in 1921 under the joint 
chairmanship of M. J. Whitson, of Stone & Webster, Inc., and M. M. Upson, 
of the Raymond Concrete Pile Co. In May, 1922, the New York Group of 
Contractors was appointed as a Sub-Committee of the General Committee 
under the chairmanship of John G. Ahlers, to carry out similar field in- 
vestigations in the New York territory, independently of the General 
Committee. 


*Chairman New York Group of Contractors; Secy.-Treas. Barney-Ahlers 
Construction Corporation, New York City. 
** Associate Engineer, Structural Materials Research Laboratory, Chicago. 
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Three major investigations have been carried out: two under the 
auspices of the Joint Committee and the General Committee, and one 
through the co-operation of the New York Group of Contractors and the 
Structural Materials Research Laboratory, as follows: 


CoopERATIVE FieLp Tests or ConcrETE. 


[ i- Dat ; : 5 
ase (ioe. Cooperating Parties. Owner of Building. Contractor. 

General Committee of Contrac- 

tors 
7 Joint Committee Victor Talking Machine | Stone & Webster, Inc. 
I April to July Bureau of Standards Co., Camden, N. J. 
a eas Materials Research 
ab. 


(ee Turner Const. Co. 
New York Giants Post & McCord, Ine. 
Ward Baking Co. White Const. Co. 

R. H. Macy Co. Barney-AhlersConst. 


orp. 
New York TelephoneCo.} Foundation Co. 


II Aug. to Oct. | New York Group of Contractors 
Structural Materials Research Lab. 


tors 
Joint Committee 
III | Oct. to Dec. |) Breau of Standards 
Structural Materials Research 
Lab. 


Central Railroad of New | Henry Steers, Inc. 


General Committee of Contrac- | 
Jersey, Jersey City, 


This report covers only the tests listed under Investigation II in the 
above tabulation. The data of Investigations I and III will be reported 
through other channels. The members of the Committee of the New York 
Group of Contractors are: John G. Ahlers, chairman, Barney-Ahlers Con- 
struction Corp.; W. D. Binger, Thompson & Binger; J. E. Torrey, John W. 
Ferguson Co.; Aubrey Weymouth, Post & McCord, Inc.; W. Vaile, Indus- 
trial Engineering Co.; F. E. Rogers, Fred T. Ley & Co.; and J. B. Wright, 
American Concrete Steel Co. In carrying out these tests the contractors 
were represented by John G. Ahlers; the Structural Materials Research 
Laboratory by D. A. Abrams, Professor in Charge, and Stanton Walker, 
Associate Engineer. The tests were supervised by Stanton Walker. George 
Conahey and F. J. Rice were assistant testing engineers. 

The expense of the investigation was borne by the New York Contrac- 
tors and the Structural Materials Research Laboratory. 

Valuable assistance was rendered by Columbia University in making 
available complete facilities for curing and testing the 6 by 12 in. concrete 
cylinders. 

Acknowledgments are due the following sand and gravel companies for 
contributions to the Contractors’ fund for carrying out these tests: 


Kittanning Sales Co. 
Nassau Sand and Gravel Co. 
Rosoff Sand and Gravel Co. 
Henry Steers, Inc. 
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OUTLINE OF TESTS. 


A tentative program of tests was prepared after a series of confer- 
ences and was approved by the New York Group of Contractors. 

It provided for carrying out tests on five different jobs, on one of 
which-the major portion of the specimens were to be made. It required 
that eight 6 x 12-in. concrete cylinders for compression tests at 7d., 28d., 
3m., and 1 y. be made at intervals of approximately 45 minutes for at least 
20 working hours of concreting on the major job, and at least 10 hours 
of concreting on the four auxiliary jobs. 

Concrete samples were to be selected from batches made under the 
usual operating conditions, and in accordance with ordinary methods of 
preparing the mix, After a study of the conditions on the job, samples 
were to be taken from batches of concrete prepared in accordance with 
scientific methods of designing the mix, in an endeavor to improve the 
uniformity and quality of the resulting concrete. The same materials were 
to be used in both cases. 

The tests were to be carried out with practically no interference with 
job operations. Provisions were made to obtain complete information on 
the quality and uniformity of cement and aggregate, workability of con- 
crete as measured by the slump and flow tests, time of mixing of concrete, 
and proportions of cement, water and aggregate. 

‘Due to special conditions, it was impossible to adhere rigidly to the 
above program. 


DESCRIPTION OF TESTS AND JOBS. 


This investigation involved the manufacture of about 650 6 x 12-in. 
concrete cylinders for compression tests, sieve analyses of about 190 sam- 
ples of aggregate, and the numerous miscellaneous determinations neces‘ 
sary to furnish complete information from which an intelligent analysis of 
the test results could be made. 

The test data are given in Tables 1 to 18 and Fig. 9 to 11. All of the 
tests were made on reinforced-concrete structures for which concrete of a 
relatively high degree of workability was required. In general, the slump 
was 6 to 7 inches. For four of the jobs the aggregate was siliceous sand 
and pebbles from Long Island; for the fifth (Job E below) the aggregate 
was sand and pebbles of a dolomitic nature from Marlborough-on-the-Hud- 
son River. Portland cement was used. Most of the concrete tested was 
of mixtures assumed to be equivalent to the usual 1: 2: 4. All concrete 
was machine-mixed in batch mixers. Table 1 gives a summary of miscel- 
laneous information concerning each job. 

A brief description of each job and an outline of the tests carried out, 
together with references to the tables and diagrams in which the results 
are recorded, is given below. 


JOB A.—The major portion of the tests were carried out on Job A, 
selected as headquarters. It is a four-story reinforced-concrete building at 
Rockaway Avenue and Riverdale Street, Brooklyn, built by the Turner Con- 
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struction Co. for the New York Telephone Co. Fig. 1 is a photograph of 
the building after the concreting was finished. The work required about 
+000 cu. yd. of concrete. The aggregate was “Ready-mix” gravel from Port 
Jefferson, L. I., furnished by the Kittanning Sales Co. ‘Tests were made 
from September 12 to October 16, 1923. 

For the slabs and certain of the columns the average mix used was 1 
volume of cement to about 614 volumes of aggregate, measured loose in a 
damp condition. This is equivalent to about a 1:7 mix by dry weight 
and a 1: 5% mix by dry and puddled volume. For certain columns a 
richer mix of about 1: 514 damp and loose was used. Each batch for the 
1: 6% mix consisted of 5 sacks of cement and about 3500 lb. of mixed 
ageregate. For the 1: 514 mix 6 sacks of cement and about 3500 Ib. of 
aggregate were used. 


Fic. 1.—“‘JOB A” AFTER CONCRETING WAS FINISHED. 


New York Telephone Co. Building, Rockaway Avenue and Riverdale St., 
Brooklyn, built by Turner Construction Co. 


Forty-two batches of concrete were sampled and 291 6 x 12-in. concrete 
cylinders made for compression tests. For about half of the batches 8 
cylinders were made from each sample for test at the four ages. Tor the 
other batches, in general, only two cylinders were made for test at 28 days. 
The workability of the concrete was measured for each batch by the slump 
and flow test. The time of mixing was determined for 16 of the test 
batches, and the quantity of mixing water recorded for 18 batches. Sieve 
analyses were made on 53 samples of aggregate selected from the stock pile 
and at the mixer. The results of the compression tests of the cylinders 
and miscellaneous data of the concrete batches are given in Table 3. The 
sieve analyses and miscellaneous tests of the aggregate are given in Table 
9, A few tests were made to find the effect of sampling the concrete at the 
mixer, from the chutes, and from the slab forms. See Table 8. 
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Aggregate was delivered in scows to within about one mile of the job. 
It was unloaded by a clam-shell bucket to overhead bins from which it 
was loaded into trucks and hauled to the job. From the trucks it was 
dumped into the basement and then raised by means of a belt conveyor to 
a stock pile retained by vertical bulkheads. The aggregate for each batch 
was discharged through a gate near the bottom of the bulkhead into the 
metal measuring hopper on the mixer. 

The concrete was mixed by a 1 cu. yd. barrel-type mixer, and hoisted 
and distributed by a tower and chuting system. Portland cement in sacks 
was handled from a storage pile to the mixer by a roller conveyor. The 
mixing water was measured in a 50-gal. barrel equipped with a calibrated 
floating gauge. 


FIG. 2.—POLO GROUNDS STADIUM—JOB B. 


Addition to East End, built by Post & McCord, Ine. 


Although wide variations in grading of aggregate occurred, it was 
not practicable, because of the frequency and irregularity of these varia- 
tions, to effect an economy by corrections to the grading of the “Ready- 
mix” aggregate. It appeared from the results of the 7-day tests that the 
proportions in use would, on the whole, produce the strengths required and 
therefore no changes were recommended. 


JOB B.—Job B, under construction by Post & McCord, Inc., was at the 


Polo Grounds in New York City, and consisted of an addition to the 


stadium, which required about 7000 cu. yd. of concrete, and increased the 
seating capacity from about 35,000 to 55,000. Tests were started on 
August 6, when only about 300 cu. yd. remained to be placed, and con- 
tinued until August 14. Fig. 2 is a view of the completed structure. 

Sand and pebbles from the vicinity of Port Washington, L. I., furnished 
by the Lenox Sand and Gravel Co., were used as aggregates. The mix 
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specified by the architect was 1: 134: 4. Calibration of the measuring de- 
vices showed the average mix to be: 


By damp and loose volume ................ He Tissyoraje 
HS Va OLIV AR WT CLO UU Meee Wetec dere ee tere yarn tesa aye 1: 1.5: 4.3 
Bysdry sand puddied volumes... a.4e.- scac se dines sos 


For details of results of calibration of measuring devices see Table 12. 

The maximum size of the aggregate was about % in. A study of the 
sieve analyses showed these proportions to be economical for the conditions 
on this job and, therefore, no changes were recommended. 

Samples of concrete were taken from 14 batches. One hundred and five 
6 x 12-in. cylinders were made for compression tests at 7d., 28d., 3m., and 


FIG. 3,.—LAYOUT OF CONCRETE PLANT—JOB C. 


Ward Baking Co. Building, 142d and Wales St., New York. One-story addition 
built by the White Construction Co. 


ly. The workability of the concrete was measured for each batch by the 
slump test. The flow test was not made. Sieve analyses were made of 
13 samples of sand and 13 of pebbles. The results of the compression tests 
‘of the concrete cylinders and miscellaneous data of the concrete batches 
are given in Table 4. The sieve analyses and moisture contents of the 
aggregates are given in Table 10 and the unit weights in Table 11. 

The aggregates were hauled to the job in trucks, dumped on the pave- 
ment, and then transferred to the loading skip of the mixer by wheel- 
barrows. ‘The concrete was mixed in a 10 cu. ft. barrel-type mixer, from 
which it was hoisted by means of a tower to an overhead hopper. From 
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the hopper the concrete was delivered ta the forms by chutes or buggies, 
depending on the location of the work to be concreted. 

The water for each batch was measured in a barrel equipped with a 
floating gauge. A constant quantity of water, gauged by the float, was 
put into each batch and then small quantities were added to obtain the 
proper consistency as judged by the mixer operator. 


FIG. 4.—DEVICE USED ON JOB C FOR MEASURING SAND INUNDATED. 


JOB C.—Job C was a one-story addition to the Ward Baking Co. 
building at 142d and Wales Streets, New York City, built by the White 
Construction Co. The aggregates were sand and pebbles from the vicinity 
of Port Washington, L. I., furnished by the Lenox Sand and Gravel Co. 
Preliminary studies of the aggregates were made before the concrete work 
was started, and the economical proportions to produce a slump of about 
6 in. using a water-ratio of 1.0 were computed and checked by small trial 
batches. Tor the first day of concreting a mix of 1: 2.1: 4.4 by weight 
was used. Due to a change in the grading of the aggregate it was there- 
after altered to 1: 2.3: 4.7, Tests were started on August 24 and continued 
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until September 7. One hundred and thirty-six 6 x 12-in. cylinders were 
made from 23 batches of concrete for test at 4 ages. The workability of 
the concrete was measured by both the slump and flow test. 

The time of mixing was recorded for most of the batches. A fixed 
quantity of mixing water was used throughout (water-ratio 1.0). This 
was made possible by the special inundation measuring device for sand, 
described below. Sieve analyses were made of 22 samples of sand, and 21 
samples of pebbles. The data of the tests are given in Tables 5, 13, and 14. 


FIG. 5.—METHOD OF CHARGING MIXER WITH INUNDATED SAND—JOB ©, 


The aggregates were hauled in trucks and dumped on the pavement. 

The pebbles were transferred from the stock pile to the mixer in wheel- 

barrows. A bucket elevator lifted the sand to an overhead bin, from which 
it was discharged to the device designed by R. L. Bertin, Chief Engineer 

of the White Construction Co., for measuring sand under water. This 

apparatus consisted of a metal can of approximately 6 cu. ft. capacity 

divided into upper and lower compartments. The bottom of the lower 

compartment was adjustable so that the volume could be changed. The 

volume of the upper compartment could be changed by means of a collar 
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at the top. The operation consisted of admitting water into the can until 
the lower compartment was filled and sufficient water was contained in the 
upper compartment to completely inundate the quantity of sand required 
for a batch of concrete. The partition between the upper and lower com- 
partments permitted the passage of water but not of sand. The water of 
inundation together with that contained in the lower compartment made 
up the mixing water. The can was mounted on a track in such a position 
that it could be moved to the mixer, tilted and its contents dumped into 
the mixer. Fig. 3, 4, and 5 are views of the concrete plant and of the 
sand measuring device. Complete description of the principles involved in 


FIG. 6.—JOB D AFTER COMPLETION. 


R. H. Macy Co. Warehouse, Long Island City, built by Barney-Ahlers 
Construction Corp. : 


this method of measurement of sand is given in a paper by R. L. Bertin, 
“Method for Measuring Sand in Inundated Condition,” p. 404, 1922, Pro- 
ceedings of the American Society for Testing Materials, and in “Inundation 
Methods for Measurement of Sand in Making Concrete,” by G. A. Smith 
and W. A. Slater, in the 1923 Proceedings of the American Concrete Insti- 
tute, page 222. The concrete was mixed in a 1% cu. yd. barrel-type mixer, 
and discharged directly into buggies which were carried to the work four 
stories above by means of an outside elevator. 


JOB D.—Job D was a warehouse built at Long Island City for R. H. 
Macy & Co. by the Barney-Ahlers Construction Corp. Fig. 6 is a view of 
the building after completion, The aggregate was “Ready-mix” gravel from 
the same source as that used on Job A. 
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The average mix for most of the structural concrete (except for cer- 
tain of the columns and the’ finish course of floor slabs) was approximately 
1: 6 damp and loose. Although wide variations in grading occurred, it was 
not practicable, because of the frequency and irregularity of these varia- 
tions, to effect an economy by corrections to the grading of the “Ready-mix” 
aggregate. It appeared that the proportions in use would, on the whole, 
produce approximately the strengths required and, therefore, no changes 
were recommended. 

Two batches of concrete were sampled on each of 4 different days, 
from September 28 to October 4. Hight cylinders were made from each 
sample for test at ages of 7 days, 28 days, 3 months, and 1 year. The time 
of mixing and quantity of mixing water was recorded for each batch. The 
workability of the concrete was measured by the slump test. ‘The flow 
test was not made. Sieve analyses were made on 13 samples of aggregate 
selected from the stock pile and at the mixer. The data of the tests are 
given in Tables 6 and 15. 

The aggregate was hauled to the job in trucks, dumped on the ground 
and then transferred by a clam-shell bucket to a stock pile and to an over- 
head bin. Tig. 7 is a photograph of the stock pile and bin. The aggregate 
for each batch was discharged from the overhead bin into a metal hopper 
attached to the mixer. A separate bin was provided for sand for use in 
the finish course on the floor slabs. It was available for addition to the 
“Ready-mix,” but was not used for this purpose during the time covered 
by these tests. 

The mixer used was a barrel-type of approximately 1 cu. yd. capacity. 
The concrete was hoisted in a tower and dumped into an overhead hopper, 
from which it was transported in buggies to the place of deposit. ‘The 
water was measured in a 50-gal. barrel. 


_ JOB L.—A few tests were made during the concreting of foundations 
for the New York Telephone Co. building, located between Barclay and 
Vesey Streets in down-town New York. The concrete work was done by the 
F¥oundation Co. “Ready-mix” gravel from the Rosoff Sand and Gravel Co., 
at, Marlborough-on-the-Hudson, was used as aggregate. 

The concrete contained about 6.25 bags of cement per cu. yd. This is 
equivalent to a mix of approximately 1:4 by dry and puddled volume. 
Samples were taken from the forms during the concreting of foundations. 
They were taken at 11 different times at intervals of not less than 30 min- 
utes over a period of 5 days from September 14 to September 20. 

Sixty 6 x 12-in. cylinders were made. The slump was measured and 4 
or 12 cylinders were made for each sample of concrete and equally divided 
among the 4 test ages. Eighteen samples of aggregate for sieve analyses 
were selected from scows immediately before they were unloaded. The 
results of the compression tests and of the slump tests are given in Table 7. 
The sieve analyses are given in Table 16. 

The aggregate was transported from the gravel plant on scows to 
within about one mile of the job. From the scows it was loaded by a clam- 
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shell bucket into overhead bins and from there hauled in trucks to the job, 
where it was dumped into a hopper leading to a bucket elevator. The ele- 
vator carried the aggregate to overhead bins, from which it was discharged 
into the hopper of the mixer. The concrete was mixed in two barrel- 
type mixers, each of approximately one cu. yd. capacity. From the mixer 
it was discharged into bottom-dump buckets carried on industrial trains 
which were pulled by gasoline engines to the vicinity of the work to be 
concreted. The buckets were lifted to above the forms by a derrick and 
the concrete dumped. The mixing water was not measured. 

Laboratory Tests of Cement.—Samples of cement were selected during 
the course of the tests on each job and shipped to the Structural Materials 
Research Laboratory for test. The results are given in Tables 17 and 18. 


Test Mrernops. 


The tests were made in accordance with the recommendations of the 
American Society for Testing Materials where they were applicable and 
the experience gained by the Engineer of Tests during his connection in a 
similar capacity with the investigation carried out during the construction 
of Victor Talking Machine Co. Building No. 10, at Camden, N. J. The 
Camden investigation had been completed only a few weeks prior to start- 
ing the tests described in this paper. 

The operations involved in obtaining the necessary information for 
the design and control of the concrete proportions are: 


Aggregate 
Sampling 
Sieve analyses 
Unit weight 
Moisture content 
Absorption 
Colorimetric test for organic impurities 


Calibration of Measuring Devices for Aggregate, Water and Cement 
Design of Proportions 
Concrete 
Sampling 
Determination of workability of concrete by 
slump or flow test 


Compression Specimens 
Molding 
Curing 
Testing 


To secure results which are indicative of the quality of the aggregates 
and concrete, the tests must be carried out with careful attention to detail. 
The art of designing and testing concrete is one that requires considerable 
experience and an appreciation of the effect of variations in the propor- 
tions of the concrete on its strength and other characteristics. 


wy. 
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A brief description of the methods employed for the New York tests 18 
given below. These methods can be applied successfully to the general 
problem of field control of concrete. 


Sampling Aggregates.—Great care must be exercised to secure samples 
of aggregate which are representative of materials to be used. This is 
particularly true in the case of “Ready-mix” and coarse aggregates, for 
these, when handled, tend to segregate. In general, samples of aggregate 
were selected at the mixer for each batch from which compression cylin- 
ders were made. 

When the aggregates were measured in wheelbarrows, a sample weigh- 
ing about 50 lb. was secured by putting an occasional shovelful into a pan 
as the barrows were being filled. This method was used for both the sand 
and pebbles on Job B, and for the pebbles on Job C. 

When sand was discharged from an overhead bin into the measuring 
device, a sample weighing about 10 to 15 lb. was secured by holding a pan 
in the stream of sand. Where possible 30 to 50-lb. samples of “Ready-mix” 
and coarse aggregates were obtained by the same method. Frequently this 
was impossible due to the force of the aggregate stream. In such cases 
the sample was shoveled from about 6 in. below the surface of the aggre- 
gate in the measuring hopper. To obtain preliminary information. before 
conereting was started, samples were selected from the stock pile. Each 
sample was made up of aggregate taken from several spots about midway 
between the top and bottom of the pile, and at a depth of 12 to 24 in. 
from the surface where segregation was least. 

For Job E, the samples of aggregate were selected at the scow before 
it was unloaded. About three samples were taken from each scow, one 
near each end and one near the middle, at a depth of not less than 2 ft. 


Sieve Analyses.—The sieve analyses were made on dried samples, using 
the sieves recommended by the American Society for Testing Materials. 
(See for example Table 9). The sieves were shaken by hand. The amounts 
retained on each sieve were determined by weight. For coarse aggregate 
the entire sample (about 25 to 50 lb.) was tested, and for sand, about 500 
grams (approx. 1 lb.), which was selected by quartering. The fineness 
modulus was used as a measure of the grading of the aggregate. It is the 
sum of the percentages in the sieve analysis divided by 100. 


Unit Weight of Aggregate—The weight per cu. ft. was determined 
for two conditions: 

(a) Aggregate damp and loose approximating condition in measuring 
hopper. The test was made by shoveling average samples of the aggregate 
into a 1 cu. ft. cylindrical measure in such a way as to obtain as closely 
as could be judged the degree of compactness in the measuring hopper. 

(b) Aggregate dry and puddled in cylindrical measure in accordance 
with Standards of the American Society for Testing Materials (C 20-21). 
The determination was made by filling a cylindrical measure having height 
equal to diameter, in three layers, and puddling each layer 25 to 30 times 
with a 5% in. round rod pointed at the lower end. 
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Moisture Content in Aggregate.—The moisture content was determined 
by drying to constant weight the samples used for sieve analyses. 


Absorption of Aggregate-—Knowledge of the quantity of water ab- 
sorbed by the aggregate is necessary in computing the quantity of mixing 
water. ‘This determination cannot be made accurately in the field, how- 
ever, and for this series of tests the absorption was not determined, because 
from previous knowledge of the materials used it was known to be low. 
Where absorption determinations are required they should be made in a 
laboratory.* 


Colorimetric Test.—The colorimetric test for organic impurities in 
sand was made by digesting a sample in a 3 per cent solution of sodium 
hydroxide (NaOH) for 24 hours, and observing the color of the liquid 
above the sand. For a more complete description of this test see “Abrams 
—Harder Field Test for Organic Impurities in Sands,” Proc. Am. Soc. 
Testing Mat., 1919, Part I; also “Tentative Method of Test for Organic 
Impurities in Sands for Concrete,’ Proc. Am. Soc. Testing Mat., 1921. 


Calibration of Measuring Devices.—The proportions actually in use 
were in general, determined by weighing the quantities of materials in — 
average batches. In other cases, where facilities for doing this were not 
readily available, the quantities were determined by accurate measurements 
of volume. The water measuring devices were marked so that the amount 
of mixing water could be accurately determined. 


Sampling Conerete—In order that the concrete tests may be truly 
representative of the quality of concrete being placed, great care must be 
exercised in the selection of samples. The samples for these tests were 
ebtained as near the point of deposit as practicable. Tor concrete dis- 
tributed by chutes, the samples were taken by holding 3-gal. pails under 
the discharge end of the chute. Each sample consisted of a mixture of 
5 such pails full of concrete from one batch. 

Where buggies were used to distribute the concrete, the samples were 
obtained by means of specially designed galvanized-iron sampling boxes of 
about 1 cu. ft. capacity placed in the top of the buggy. The dimensions of 
the boxes were such that they filled simultaneously with the buggies. Hach 
sample consisted of two such boxes of concrete from one batch. Tig. 8 is 
a photograph of these sampling boxes, taken on the Victor Talking Machine 
Co. job at Camden, N. J. 

On Job E, where massive foundations were being erected, the samples 
were taken after the concrete had been deposited in the forms. 

The Standard Method of the American Society for Testing Materials, 
for making field tests of concrete (C 31-21), requires that all samples be 
selected from the forms. For this work such a method was not followed 
because it was necessary to obtain the samples from definite batches, which 
is, in general, impractical if the concrete is first placed in the forms. In 


*For methods of making absorption tests see Report of Committee C-9, Pro- 
ceedings of American Society for Testing Materials, vol. xx, p. 301, 1920. 
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many cases the method of selecting samples from the forms is objectionable 
also, because of the difficulty of obtaining representative samples. In the 
case of columns and certain other reinforced members, it is difficult to 
cbtain a sample of any kind. 


Workability.—The workability of the concrete was determined by both 
the slump and flow tests. 

The slump test was made using a truncated metal cone 4 in. in 
diameter at the top, 8 in. at the bottom and 12 in. high, in accordance 
with the Tentative Specification, D 62-20T of the American Society for 


FIG. 7.—AGGREGATE STOCK PILE AND STORAGE BIN—JOB D. 


Testing Materials adopted by the Joint Committee as a standard. A re- 
vision of this tentative specification, D 138-22 T provides that the slump 
test shall be made 3 minutes after molding the specimen. The former 
method was used and seems preferable. Fig. 8 is a view of the slump test 
being made. For convenience the flow table was used as a working plat- 
form. 

The flow test was made using a flow table loaned by the U. 8. Bureau 
of Public Roads.* The test made in accordance with recommendations of 
the Bureau of Standards, consists of jigging a cone of concrete on a special 
table (Fig. 8) and measuring the increase in bottom diameter. The con- 


*Wor details of this flow table see ‘‘Inundation Methods for Measurement 
of Sand in Making Concrete,” by G. A. Smith and W. A. Slater, Proc, A. C. 1. 


vol. xix (19238), p. 227. 
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crete was molded in a truncated metal cone having a top diameter of 6% 
in., a bottom diameter of 10 in., and a height of 5 in. The form was with- 
drawn from the concrete immediately after molding and the table raised 
and dropped % in. by means of a cam, 15 times in about 10 seconds. The 
increase -in the base diameter expressed as a percentage of the originai 
diameter, is the flow. The method employed at the Structural Materials 
Research Laboratory differs from the above in that a % in. drop is used, 
and the flow is taken as the final base diameter expressed as a percentage 
of the original diameter. 


FIG. 8.—SLUMP TEST AND SAMPLING BOXES. 


Molding Compression Cylindevs.—The 6 x 12-in. compression cylinders 
were made on the work near the place where the concrete was sampled. 
The cylinders were molded .in cylindrical metal forms set on machined cast- 
iron plates, in accordance with the recommendations of the American So- 
ciety for Testing Materials. The specimens were removed from the forms 
after 16 to 20 hours and stored in damp sand until tested. The tops of 
the cylinders were capped with neat cement a few hours after molding, or 
with gypsum a few hours before testing, and a smooth surface formed by 
means of a machined plate. 

Strength Tests.—The strength tests were made at the Testing Labora- 
tory of Columbia University, using a 400,000 lb. Olsen or a 100,000 Ib. 
Riehle testing machine. The cylinders were tested between steel plates. 
The load was applied through a spherical bearing block on top of the 
specimen. 


—— 
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DISCUSSION OF TESTS. 


The data of the tests are given in Tables 1 to 18, and Higa 9 toy le 


Strength of Concrete-—The conerete for the 5 jobs (except for certain 
of the columns on Jeb A) was of proportions assumed to be equivalent to 
the usual 1: 2: 4 mix. Table 2 summarizes data from Tables 3 to 7, and 
gives the average strengths for concrete of this mix for the 4 ages. At 28 
days the average strengths ranged from 2120 for Job E to 2390 Ib. per sq. 
in. for Job B. At 7 days the range was from 1330 to 1550 for the same 
jobs; and at 3 months from 2680 to 3300 for Jobs D and A respectively. 
Without exception the average strengths at 28 days were considerably in 
excess of the expected strengths arrived at by a study of the Joint Com- 
mittee Table of Proportions. These expected strengths, computed from the 
same basis as the Joint Committee Tables are given in Table 2 as “mini- 
mum expected strength.” Only 3 of the 179 cylinders tested at 28 days 
gave strengths lower than the “minimum” expected values. Two cylinders 
from one batch on Job D gave strengths 15 and 20 per cent lower than this 
value. For Job E only one cylinder was below the “minimum” expected 
value. , [ 

The “average” expected strength given in Table 1 is based on the 
water-ratio-strength relation for Fig. 1 in Bulletin 1 of the Structural 
Materials Research Laboratory. Jobs A, B, C and D gave average 28-day 
strengths as much as 30 per cent higher than the “average expected 
strengths.” Job E gave an average 28-day strength about 12 per cent less 
than predicted from the average curve. 

The strength of the concrete at 7 d. and 3 m. is discussed below: 

Uniformity of Strength Tests—The individual cylinders from a single 
batch gave consistent strengths at each age and, therefore, considerable 
confidence may be placed in the compression tests as indicating the quality 
of concrete in the structure. The mean variations in Table 2 and the curves 
in Fig. 9 give two different measures of the uniformity of the results for 
different batches. The table gives the percentages of mean variation, and 
the percentages of number of cylinders within the limits of 20 per cent of 
the average for the 7-d., 28-d. and 3-m. tests for each of the 5 jobs. Fig. 9 
shows the cylinder strengths for each job platted in order of magnitude. 
The abscissas are percentages of total number of cylinders having strengths 
lower than the corresponding strength. The ordinates are the compressive 
strengths of the individual cylinders. Curves platted in this way are use- 
ful in showing clearly the maximum range in values and the number of 
tests falling within different limits. 

The average of each of these two measures (the mean variation and 
the percentage of number of specimens falling within 20 per cent of the 
average) for the three ages at test arrange the different jobs in the same 
order according to uniformity of the results. The best uniformity meas- 
ured by these methods was found on Jobs B and E; the mean variations 
were 8.5 and 8.1 per cent respectively. The greatest var iations were found 
in the case of Jobs A and D; the mean variations were about 17.3 and 15.5 
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per cent. The variations for Job C were about midway between the two 
extremes (mean variation 11.8 per cent). 

An analysis of the conditions on each of these jobs shows the causes 
for the differences in uniformity. 
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FIG. 9.—VARIATION IN STRENGTH OF CONCRETE. 


Compression tests of 6 by 12-in. concrete cylinders arranged in order 
of magnitude. 


A study of the “Ready-mix” aggregates used on Jobs A and D carried 
out prior to starting the tests, made it apparent that a non-uniform con- 
crete was to be expected, due to the wide variations in grading. An in- 
spection of the source of supply and method of preparation of this mate- 
rial, compared with the “Ready-mix” from other plants in the New York 
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District, showed that a more uniformly graded mixture could be produced 
than was furnished to these jobs. The authors understand that as a result 
of this investigation a plant which compares favorably with other “Ready- 
mix” plants in this territory, is being installed. Wide variations in grad- 
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FIG. 10.—VARIATION IN SLUMP AND FLOW OF CONCRETE. 
Slump and flow of concrete arranged in order of magnitude. 


ing of this material were encountered for successive concrete batches on 
Jobs A and D. See Table 9 and Fig. 11. As a result, it was necessary to 
vary the quantity of mixing water to maintain a uniform workability. 
The method of measuring the materials permitted considerable variations 
in the quantities and wide variations occurred in the grading of the aggre- 
gate even from one part of the batch to another. However, the average 
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strengths obtained were satisfactory and in spite of the wide variations 
shown above only two of the 28-day cylinders for these jobs, gave strengths 
lower than the “minimum” value calculated on the same basis as the Tables 
of Proportions in the Progress Report of the Joint Committee. (See also 
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FIG. 11.—VARIATION IN FINENESS MODULUS OF AGGREGATE 


Fineness modulus of aggregate arranged in order of magnitude 


Bulletin 9 of the Structural Materials Research Laboratory.) The lack of 
uniformity for the strengths was due as much to the abnormally high 
strengths obtained as to those in the lower range. 

The reasons for the uniform results on Job B seem apparent. The 
grading of the aggregates was fairly uniform. See Table 10 and Fig. 11 
A fair degree of uniformity was maintained for the plasticity of the ae 
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crete, The variations in slump are not unexpected when the inherent in- 
accuracies of the test are considered. See Fig. 10. The aggregates were 
measured in carefully calibrated wheelbarrows and loaded under the direc- 
tion of an architect’s inspector whose sole duty was to supervise the mix- 
ing and proportioning. The concreting was done in comparatively small 
sections which did not involve rush work. Although no definite relation is ° 
shown between time of mixing and strength for these tests, it is noteworthy 
that none of the batches tested was mixed for less than 53 seconds, after 
all of the materials were in the hopper. Uniform weather also, un- 
doubtedly, tended to eliminate variations in strength. 

The causes for the greater uniformity in strength obtained for Job E 
are not as apparent as in the case of Job B. Information was not obtained 
in the same detail for this job as for the others. The fact that the con- 
crete was selected from the forms and from mass concrete probably ac- 
counts to some extent for the small variations. Although the fineness 
modulus varied from 4.6 to 5.9 for the small samples used for sieve an- 
alyses, it is probable that much less variation in grading existed in the 
aggregates as used at the mixer. The material appeared reasonably uni- 
form as it was charged into the mixer. It is unfortunate that time was 
not available to carry out the tests on this job in greater detail. While the 
mixing water was not measured, the samples of concrete taken from the 
forms for test gave slumps of good uniformity. See Fig. 10. 

The less uniform strengths for Job C are due to the abnormally high 
strengths of batches 1 and 6. If these batches are omitted, 92 per cent of 
the 7-day tests, 90 per cent of the 28-day tests, and 97 per cent of the 3- 
months tests are within 20 per cent of the average. The results for this 
job would then compare favorably with the most uniform results obtained 
in this investigation. (Jobs B and E.) 

Effect of Age on the Strength of Concrete.—Increases in strength with 
age were found for all tests in this investigation up to 3 months. A sum- 
mary of the strength tests for each job based on Tables 3 to 7 is given in 
Table 2. The arithmetic average of the strengths for each job were 1420 lb. 
per sq. in. at 7d., 2240 at 28d., and 3020 at 3 m. 

The following tabulation gives the average, maximum, and minimum 
ratios of 7-d. and 3-m. tests to those at 28 d. for each job and the mean 
variations of these ratios from the average. 

The 7-day tests are most useful for the field control of concrete as the 
results are available while the conditions prevailing at the time the speci- 
mens were made are fresh in the minds of the persons interested. Approxi- 
mately the same average ratios were obtained for each job. The mean 
variations and the percentages of number of values falling within 20 per 
cent of the average for the ratios of individual cylinders from the same 
batch, showed a good uniformity as compared with the strength tests at 
each age. It should be noted that these ratios will vary considerably with 
the conditions of test. Tests made at the Structural Materials Research 
Laboratory indicate that the ratio of 7-d. strengths to 28-d. strengths is 
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Per Cent of Strength at 28 Days. Per Cent of Mean Varia- 
Nab Values within tion from 
1 20 Per Cent Average 
Average. | Minimum. | Maximum. | of Average. Per Cent. 
P 7-Day Trsts. 
66 36 88 81 14.1 
66 48 81 85 12.1 
64 47 85 -85 9.2 
63 44 cir 92 10.1 
62 50 81 94 11.0 
60 46 72 87 12.5 
64 46 81 87 11.5 


137 102 169 75 12.8 
131 118 152 100 8.4 
136 117 168 96 8.0 
129 108 169 92 9.7 
128 99 161 75 11.0 
142 112 166 93 8.1 
Average..... Jetset aes: 134 109 164 83 9.7 


* Mix 1-63 damp and loose. 
{ Mix 1-53 damp and loose. 


generally nearer 50 per cent than the 64 per cent found for these tests. 
All of the specimens were cured in damp sand until test, and tested damp. 

Tests made in the Joint Committee investigation on the Victor Talking 
Machine Co. building at Camden, N. J., indicate that at 28 days the com- 


pressive strength of field-made cylinders cured in damp sand is about the ~ 


same as that of cores cut from slabs or compression specimens sawed from 
columns which had been cured under the same conditions as the structure. 
the above-mentioned tests of cores from slabs and specimens from columns 
as well as data from other sources* indicate that substantial increases in 
strength occur after 28 days. Laboratory tests show conclusively that con- 


*See for example: 

Effect of Age and Condition of Storage on Strength, by H. F. Gonnerman. 
Proc. Am. Concrete Inst., 1918. 

Effect of Age on the Strength of Concrete, by D. A. Abrams. 
Proc. Am. Soc. Testing Mat., Part 2, 1918. 

Ten-Year Tests Showing Effect of Age and Curing Conditions on the 

Strength of Concrete, by M. C. Withey. 

ng. and Contr., vol. 54, p. 519, Nov. 24, 1920. 

Effect of Age on the Strength of Concrete, by D. A. Abrams. 
Concrete, July, 1921. i 

Relation Between Molded and Core Concrete Specimens, by H. S. Mattimore. 
Eng. News-Record, vol. 88, No. 2, p. 73, Jan. 12, 1922. 


A comprehensive bibliography of the literature of tests of concrete at differ- 
ent ages is available at the Structural Materials Research Laboratory. 


3 


Fintp TEests oF CONCRETE. 379 


crete increases in strength with age so long as it is not dried out and 
moisture is available for the progressive hydration of the cement. It is 
a reasonable conclusion, therefore, that tests of field specimens at later 
ages, say 3 months, are a better indication of the ultimate strength of the 
structure than tests at 28 days. This statement should not be construed 
as a recommendation for lowering present standards of quality of concrete. 


Tests of Concrete Sampled at Different Points.—Table 8 gives results 
of tests of concrete taken from 4 different batches for which the samples 
were selected at 3 different stages in the concreting operations: (1) at 
the discharge of the mixer, (2) at the discharge of the chute, and (3) 
from the slab forms immediately after deposit. Although no great differ- 
ences were found in the results of these tests, it is apparent that a suffi- 
cient number of batches was not sampled to give conclusive information. 
Practically the same strengths were shown for the samples taken at the 
mixer and from the forms. The average strength for concrete from the 
chute is somewhat higher than that from the other two points. The slump 
and flow were measured only for samples from the chute and form. The 
samples from the chute gave a lower slump and lower flow which is con- 
sistent with the higher strengths, and indicates that the differences are 
due to differences in the quality. of the sample. No explanation is offered 
for these results other than that they are probably accidental. One theory 
that has been advanced from time to time is that the concrete receives 
additional mixing during its travel through the chutes which materially 
increases its strength. This apparently is not the reason for the higher 
strengths found in this case, for if this were so, a corresponding increase 
in strength would have been found for the concrete taken from the forms. 
The mean variation of the samples from the chute was 5.4 per cent as 
compared with about 9 per cent for the other two sets’ of tests. 


Measurement of Quantities of Materials—One of the most obvious rea- 
sons for the lack of uniformity in the strength of field-made concrete is 
the wide variation in quantities of materials which occurs from batch to 
batch, especially in the case of the aggregate and the water, A common 
means of measuring aggregate is the metal hopper with which the mixer 
is equipped. These hoppers are usually pyramidal in shape and have an 
area at the top of such dimensions that 1 or 2 in. difference in the level 
of the aggregate makes a material difference in the volume. In order to 
maintain the same workability the quantities of mixing water must be 
varied to correspond with variations in the volume of the aggregate. The 
moisture content of the aggregate also exerts an important influence on the 
quantity of the aggregate and of the mixing water. A number of different 
investigators have shown that sand buiks as much as 25 to 30 per cent for 
quantities of moisture commonly encountered under job conditions. The 
bulking affects the proportions of the concrete batch by changing the vol- 
ume of the materials. The differences in moisture content changes the vol- 
ume of mixing water. Great improvements can be made in the uniformity 
of field concrete if these factors are intelligently controlled. A method for 
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accomplishing this result, described above, was used on Job C and seems 
to offer a most promising means of solving the difficulty. 

A great improvement over present common methods, which involves 
no radical changes, is the measurement of materials in hoppers having 
approximately vertical sides and placed in such a position that the aggre- 
gate can be readily struck off. The variations in moisture content on the 
job are usually small for short periods of time, and therefore, the element 
of bulking can usually be taken into account by varying the volume of 
damp and loose aggregate with changes in moisture content. Neither the 
bulking factor nor the amount of moisture in aggregate are as important 
in coarse aggregate as in sand. 

Uniform proportions can also be obtained by measuring the aggregate 
in carefully calibrated wheelbarrows or buggies and striking it off. 


Control of Concrete Proportions in the Field.—The principles outlined 
in the publications of the Structural Materials Research Laboratory, par- 
ticularly Bulletin 1, were followed in determining what were the most eco- 
nomical proportions and in deciding whether the proportions in use on each 
job might be expected to give the required strengths. The principles in- 
volved in a consideration of the problems of this investigation may be 
briefly outlined as follows: 


1. The strength of concrete is fixed by the quantity of mixing water 
expressed as a ratio to the volume of cement, so long as the concrete is 
workable. 


2. The variation of other factors in proportioning concrete affect the 
strength only because they change the quantity of mixing water required 
to produce concrete of the desired workability. 


3. For concrete manufactured under average conditions the equation 
S = —— may be expected to represent the strength; where S = 


compressive strength at 28 days lb. per sq. in. and «= water-ratio; ratio 
of volume of water to volume of cement (an exponent). 

4. The minimum strength to be expected is given by the equation 

14000 

a hae 

5. Fineness modulus is a “yard stick” by which the concrete-making 
properties of aggregate, so far as grading is concerned, may be measured. 
The fineness modulus is the sum of the percentages in the sieve analysis 
divided by 100 when sieves No. 100, 50, 30, 16, 8, 4, 3g in., % in., and 14% 
in., ete., are used. An important characteristic of these sieves is that the 
clear opening of each is double that of the next smaller sieve. 

The fineness modulus of a mixture of fine and coarse aggregate is 
directly proportional to the fineness moduli of the separate materials and 
the proportions in which they are mixed. If it is desired to mix two 
aggregates in the proper proportions to produce a given fineness modulus, 


which is of the same form as that in 3 above. 


a ae 
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the volume of fine aggregate expressed as per cent of the volume of fine 
and coarse measured separately, may be calculated from the equation, 


eae OO — ; 
Where p = ratio of volume of fine aggregate to volume of fine and 
coarse aggregate measured separately; A — fineness modulus of coarse 
aggregate; B — fineness modulus of mixed aggregate and OC = fineness 


modulus of fine aggregate. 


6. The maximum permissible values of fineness modulus, as given in 
Table 3, Bulletin 1, provide a proper basis for calculating the ratio of 
fine to coarse aggregate. 

Changes in proportions were made during the course of the work on 
Job C only. It was pointed out above that for Job B the most economical 
ratio of fine to coarse aggregate for the materials available were in use 
when the tests were started. The grading of the aggregate furnished 
throughout the course of the tests was uniform. On Jobs A, D and E 
“Ready-mix” materials were used, and it was not practicable to make cor- 
rections in the grading. Changes on Job C were made because of a marked 
difference in the grading of the coarse aggregate furnished after the con- 
ereting was started. 

To maintain a uniform quality of concrete, it is necessary to use aggre- 
gate of uniform grading, or to make proper changes in the proportions 
with changes in grading. This investigation showed conclusively that it is 
not practicable to compensate for accidental variations in grading of aggre- 
gate from batch to batch. However, when the aggregate varies in grading 
for different scow loads or other relatively large lots, and each lot is uni- 
form within itself, it is practical to vary the proportions in accordance 
with changes in grading. This necessitates constant inspection on the job 
by an engineer capable of estimating such changes, and it is felt that it 
will be found more economical to require that the aggregates be furnished 
uniformly graded throughout the course of the work, and to make the in- 
spection at the source of supply. The specifications for grading should be 
drawn to conform to the most economical proportions for the materials 
available. It is neither necessary nor desirable to apply the same speci- 
fication for grading in all cases, as concrete of the same quality can be 
made from materials of a wide range in grading, as well as other char- 
acteristics. 


Aggregate Sourcee in the New York District.—Inspections were made 
of four aggregate plants which furnish a large proportion of materials 
used in the New York District. In general, these plants wash the bank- 
run aggregates and divide them into four to seven different sizes which are 
recombined in the required proportions. Usually the aggregate is sep- 
arated into the different sizes by washing through screens then loaded into 
bins, from which it is discharged to belt conveyors and transported to the 
scow. The proportion of different sizes is controlled by the width of open- 
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ing of the gate from the bin. The mixing is accomplished by discharging 
the materials from the various bins to the continuous belt from which in 
turn it is discharged to another belt and then to a hopper above a flexible 
loading spout which deposits the material on the scow in thin layers. 


CONCLUSIONS. 


In applying the results of this investigation to the general problem 
of field control of concrete, the conditions under which it was carried out 
should be kept in mind. The tests were made on work under construction 
by high-grade contractors, in a district where aggregates of excellent phys- 
ical qualities are used. Trained organizations of long experience and ade- 
quate equipment for proportioning and mixing the concrete as measured by 
present standards, were used. 


The following conclusions may be stated: 


1. On these five jobs, where trained organizations of long experience 
were used, the proportions and methods employed, based on experience 
only, gave concrete having an average strength from 6 to 18 per cent 
greater than that assumed for purposes of design. It is noteworthy in 
this conneetion that many of the objectionable practices which account for 
unsatisfactory concrete, were not encountered on these tests. 


2. With the concreting methods used on these jobs, it would be fair 
to expect a uniformity of strength such that not less than 75 per cent of 
the test specimens would fall within 20 per cent of the average strength, 
and not more than 5 per cent would fall below a minimum value, computed 
on the basis of the Joint Committee Tables of Proportions, (also published 
in Bulletin 9, of the Structural Materials Research Laboratory). 


3. A study of the proportions and the materials, carried out in the 
light of knowledge now available, should enable the engineer to estimate 
within 20 per cent the average strength of the concrete when made in 
accordance with the general practices followed on these jobs. 


4, Estimates of the concrete strengths made for the 5 jobs on which 
tests were carried out when compared with the strengths obtained, show 
that the water-ratio offers a practical basis for estimating the strength 
of concrete, if aggregates of suitable physical structure are used. 

5. The fineness modulus was an accurate “yard-stick” for measuring 
the grading of aggregate for the purpose of determining the economical 
proportions of fine to coarse. 

6. The maximum permissible values of fineness modulus given in 
Table 3, Bulletin 1, of the Structural Materials Research Laboratory may 
be satisfactorily applied to building construction. These values of fine- 
ness modulus produce concrete which works somewhat more harshly than 
that to which the mechanics are accustomed, and in certain cases a cam- 
paign of education may be desirable before the maximum values given by 
Table 3 are used. Reduction of these maximum values by 0.25 produces 
concrete which is easily worked into the forms in building construction. 
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7. Concrete designed under the conditions encountered in this investi- 
gation gave strengths well above the values computed on the same basis as 
the Joint Committee Tables of Proportions. 


8. The variations in strength shown by the individual specimens for 
different batches were in general, the result of accidental variations in the 
proportions; the satisfactory agreement of different specimens from the 
same batch indicate that the variations were not due to the test methods 
employed. 

9. A device which will insure a uniform quantity of aggregate from 
batch to batch will be of material assistance in securing concrete of uni- 
form strength. Hoppers having vertical sides and provided with a mechan- 
ical strike-off are practicable and offer great advantages over present 
methods. Uniformity in the volume of sand can be maintained by the in- 

‘undation method of measurement. 


10. In order to secure concrete of uniform quality with the least cost 
for proper control, uniformly graded aggregate should be furnished 
throughout the course of the work. The specifications for grading should 
be drawn to conform to the most economical proportions for the aggregate 
available. It is neither necessary nor desirable to apply the same specifi- 
cation for grading in all cases, as concrete of the same quality can be 
made from aggregates of a wide range in grading and other characteristics. 

11. It was not practicable to adjust the proportions on the job to com- 
pensate for variations in the grading of the aggregate which occurred 
from batch to batch. However, it was feasible to modify the proportions to 
compensate for variations in grading occurring in different scow loads or 
other lots of considerable size, where each lot was uniform within itself. 

12. Tor large concrete jobs preliminary studies should be made of 
the aggregate at the source of supply for the purpose of determining eco- 
nomical proportions. 

13. Scientific control can best be accomplished by using a testing or- 
ganization outside that of the owner or contractor. Provision in the con- 
tract for an equitable division of the expense of scientific control, will 
greatly facilitate such control. 

14. The experience. obtained during this investigation shows conclu- 
sively the vital importance of making tests on the job to determine the 
strength of the concrete used. This is evident from a consideration of 
the definite economies which may be effected in proportioning the concrete 
and in designing the structure to take advantage of the known strength 
of the structural material employed. Definite strengths can be obtained 
only by: (1) rigid inspection and (2) tests of the concrete. 
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TasiE 1.—MIscELLANEOUS INFORMATION ON JOBS. 


Field tests carried out on five different jobs in New York in 1923. 
Machine-mixed portland cement concrete having slump of about 6 to 7 in. used on all jobs. 
Aggregate from Long Island, except that for Job E, which was from Marlborough-on-the-Hudson. 


Mix by ‘ 
Kind of | Volume*| Period of | Number of) Data in 


Job. ~ Owner. Contractor. Tests 6x 12-in 
Aggregate. | (Dry and) (1953), | Cylinders. |. 7°P'®* 
ve New York Turner Const. “Ready- 1:54 | Sept. 12 to 291 2;.3,.8; 9 
Telephone Co. Co. Mix’”’ Oct. 16 
B | New York Giants | Post & McCord, | Sand and | 1:1.8:3.8} Aug. 6 to 105 2,4, 10, 11, 12 
(Polo Grounds) Inc. Pebbles |. Aug. 14 
C | Ward Baking Co. | White Const. Co. | Sand and des 1:1.9:4.0 \ Aug. 24 to 136 2, 5, 13, 14 
Pebbles . 1:2.1:4.2 | { Sept. 7 
D | R.H. Macy Co. | Barney-Ahlers “Ready- 125 Sept. 27 to 64 2, 645 
Const. Corp. Mix” Oct. 4 
E |} New York Toundation Co. | ‘‘Ready- 1:4 Sept. 14 to 60 Dada LO 
Telephone Co. Mix” Sept. 28 


* Cement assumed to weigh 94 lb. per cu. ft. 


TaBLE 2.—SuMMARY OF CoNCRETE TESTS. 


Compression tests of 6 x 12-in. concrete cylinders made in field. 

Mixtures approximately equivalent to 1:2:4; the richer mixtures tested for Job A omitted from average. 
Machine-mixed portland cement concrete. 

Aggregate from Long Island, except that for Job 1, which was from Marlborough-on the-Hudson. 

Values for expected strengths based on water-ratio-strength relation. The “minimum” expected strength 


calculated from equation, sa. the ‘‘average” expected strength from equation ear 
S=compressive strength at 28 days in lb. per sq. in., and s=water-ratio (an exponent). The first 
equation was used as the basis of the Joint Committee Tables of proportions (also published in Bulletin 9 
of the Structural Materials Research Laboratory; the second equation is from Bulletin 1 of the Structural 
Materials Resear ch Laboratory). 

The ‘‘mean variations” are the averages of the variations of the individual strengths from the average strength 
of all cylinders for a given job tested at a given age, expressed as a percentage of the average strength. 


; where 


oe Expected Compressive 
Workability. Compressive Strength, Ib. per sq. in. Strength at 28 days, 
Job Mee Ib. per sq. in. 
ato. 
llow, ne 
Slump. | per cent. 7 day. | 28 day. 3mo. | Average. | Minimum.| Average. 

A 61 80 ig | 1450 2130 3040 eer 1250 1650 
(37)¢ (76)¢ (34) Ba 
(62) (72) (85) 73° 
19.7°¢ 14.4¢ 17 .8°¢ 17-3¢ 

B 7.7 ~ 1.0 1550 | 2390 3230 pace 1550 2000 
(26) (26) (26)¢ ceee 
LOB cited 

. . . . Cc 

C 5.9 60 1.0 1430 2180 2890 APA 1550 2000 
(26) (46) (26) Sons 
(70) (83) (93) 82 
14.7¢ 11..7° gic 11.8 

D 6.8 a 095 | 1380 2260 2880 eer 1700 2200 
(16)¢ (16)¢ 16)\2 ae 
(75)? (62) (62) 66° 
17.4¢ 14.7¢ 14.3¢ 15.5°¢ 

E 6.4 a 0.9 1300 2120 3040 heroes 1900 2400 
(15) (15) (15) 


(goy® | (94)> | (loo)> | “gid 
10.2¢ Tae 6 .8¢ g.1¢ 
D 2220 3020 Sy, 1600 2050 
(76) | (92) | (ge gob 
14.4¢ | 11.3¢ | ade | 19.26 


J 


Average?. 6.6 


a 
Co 
o 
cS 
Cc 
cs 

~~ 
i=) 


2 Number of specimens tested. 

> Per cent of total number of specimens falling within 20 per cent of the average. 
© Mean variation, per cent. 

4 Averages not weighted for number of specimens. 
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TasBLE 3.—Compression Trsts or ConcretE—Jop A. 


Compression tests of 6 x 12-in. concrete cylinders made in field. 
Aggregate: 
Portland cement was used. 
Miz for 5 bag batches by damp and loose volume 1:614; by weight 1:7; by dry and puddled volume 1:514. 


Same quantity of aggregate used for 6 bag batches. 
Samples selected from about 1 cu. yd. batch during discharge from chute. 


Specimens cured in damp sand until test; tested damp. 


Batch. 


11 


12 


13 


15 


16 


9-12 


9-14 


Mixing 
Water, 
gal- 


“Ready-mix” gravel from Port Jefferson, Long Island, furnished by Kittanning Sales Co. 


Flow, 


lons |Slump | per 


per in. 
batch. 


cent. 


Compressive 


Strength 


Ib. per sq. in. 


7 


day. 


28 


Cement per Batcu—5 Bags. 


Time of 
Mixing, 
sec. 

. 80 
on * q 
i=] oO Ser 
Ss) e2 

3/3 \a 

45 

45 

60 

65 
25 | 38 | 35 
30 | 30 | 40 
40 | 20 |} 35 
30 | 30 | 35 


65 
6.0 
75 
S12 Olie co 
31.9 | 6.5 
33.0 | 6.0 
34.6 | 5.5 
36.0 | 4.5 
34.2 | 7.0 
33.6 | 6.0 
5.0 
35.3 | 5.5 


45 


110 


110 


80 


75 


70 


1020 

990 
1017 
1140 
1140 
1490 
1270 
1380 


1790 
1710 


1750 
1580 
1670 
ace 
1420 
1560 
1490 


1440 
1390 


1410 


1470 
1530 


1500 
5180 
2310 
2310 
1680 
1730 
1700 
1570 
1710 
1640 
1810 
1950 
1880 


1650 
1860 
1780 


2040 
2210 


2120 
2350 
2240 
2200 
2990 
3040 
3020 


2690 
2870 


2780 
2650 
2120 
2380 
2650 
2270 
2460 


2350 
1790 


2070 


2730 
2900 


2820 


2140 
2540 


2340 


2190 
2370 


2280 


2720 
2510 


2620 


3970 
3240 


3600 
3410 
3880 
3650 


4250 
2940 


3600 
2840 
3290 
2930 


3380 
3350 


3360 


2900 
2940 


2920 


2780 
4340 


3560 
3360 
2780 
3070 


3150 
3500 


3320 


3330 
3940 


3640 


Date 


Sam- 
Batch.| pled 
(1928). 


Flow 


Slump | per 


in. | cent. 
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Compressive 
Strength, 
Ib. per sq. in 


28 
days. 


20 


21 


22 


23 


24 


26 


27 


28 


29 


30 


31 


9-25 


9-25 


9-25 


9-25 


9-25 


9-26 


9-26 


9-26 


9-29 


10-2 


10-2 


10-2 


6.5 | 80 
6.5 | 80 
5.25) 80 
4.5] 50 


4.5) 50 


7 120 


4.5 55 
5.0 | 60 
4.0] 50 


6.0] 70 


2210 
2070 


2140 


1805 
1890 


1840 


2500 
2120 


2310 
2260 
2480 
2370 


1930 
2000 


1960 


1940 
1930 


1940 
2650 
2660 
2660 
2300 
2310 
2300 
1910 
1810 
1860 


1880 
2090 


1980 


1840 
1930 


1880 


1740 
1610 


1680 
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TaBLE 3.—Continued. 
: S A 
Time of Compressive Free 
Mixing, Mixing Strength, SB a 
Date Gore & vee: ms Ib per sq. in. ete ve ESA 
3 am- gal- “Low, am- “ow, 
3S pled ; lons Shae per Batch.| pled = P per Sas 
 |(1923).| so | .. [2 | per * | cent. (1923). cent 
£] 2 |S | batch 7 28 3 
3 BA |S oo ate 28 
3 | 5 | 2.8 day | day. | mo. dave 
a |e |A 
Cement per Barcu—5 Bags. 
17 | 9-20 | 30 | 30 | 30 | 31.2 6.0 70 | 1480 | 2180 700 32 |10-8 7.5 | 125 1900 
1350 | 2480 | 2520 2040 
1420 | 2330 | 2610 1970 
18 | 9-20 | 30 | 20 | 40 | 30.4 6.5 80 | 1610 | 2360 | 2900 33 | 10-8 4 65 | 1680 
1710 | 2120 | 3220 1580 
1660 | 2240 | 3060 1650 
19 | 9-20 6.5 | 80 | 1670 | 1900 | 3060 || 34 |10-10 | 55] 60 | 1570 
1650 | 2140 | 2850 1880 
1669 | 2020 | 3460 1725 
37 |10-15 | 26 | 23 | 40 | 34.5 1320 | 2000 | 2640 | 35 |10-10 | 4.5 | 50 | 2370 
1270 | 1850 | 2350 2670 
1300 | 1920 | 2500 2520 
38 |10-15 | 21 | 39 | 44| 34.5] 7 .. | 975 | 1600 | 1900 }) 36 110-10] 6 100 | 1860 
975 | 1340 | 1850 1840 
975 | 1470 | 1880 1850 
39 [10-16 | 30 | 25 | 30 | 34.5 | 7 .. | 665 | 1380 | 2290 | 41 2070 
720 | 1980 | 2120 2000 
690 | 1530 | 2200 2040 
40 |10-16 | 30 | 245 | 30 | 34.5 | 7.75} .. | 1030 | 1785 | 2810 | 42 2060 
980 | 1650 | 2610 2010 
1000 | 1720 | 2710 2035 
Grand average......... Sond 6.1 80 | 1450 | 2130 | 3040 
Mean variation, per cent 19.7 | 14.4 | 17.8 
Cevent per Batco—6 Bags. 
1 | 9-12 4.2 | 55 | 1810 | 3760 | 4450 
2880 | 4050 | 5000 
2340 | 3950 | 4725 
2 | 9-12 7.0 50 | 2300 | 3210 | 4500 
2050 3440 4050 
2180 | 3320 | 4275 
10 | 9-19 | 30 | 30 | 40 | 36.0 3.5 50 | 1910 | 2680 | 3440 
1750 | 2050 | 3020 
1830 | 2820 | 3530 
14.7] 9-199) 25-25: J885o) "3073 6.0 80 | 1670 | 2570 | 3740 
2060 | 2540 | 3850 
1860 | 2560 | 3790 
Grand average.......... 36:6) 5) 672 58 | 2050 | 3160 | 4080 
Mean variation, per cent. ena a dG? | eee tO 


ee 


Compression tests of 6 x 12-in. concrete cylinders made in field. 
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TaBLE 4.—Compression Trsts oF ConcrETeE—Jos B. 
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Aggregate: Sand and pebbles from Port Washington, Long Island, furnished by Lenox Sand and Gravel Co 
Portland cement was used. 
Mix by volume damp and loose 1:1.8:3.9: by dry weight 1:1.5:4.3; by volume dry and puddled 1:1.3:3.7 
Samples selected from two-sack batch of concrete, near place of deposit. 


Specimens cured in damp sand until test; tested damp. 


Time of Mixing, 


Compressive Strength, 


Date sec. ‘ Ib. per sq. in. 
Batch: | Sampled at 
(1923). 7 
Loading. | Mixing. | Discharging. 7 day. | 28 day. 3 mo. 
1 8-6 10 65 15 85 1420 2800 3460 
1490 | 2580 | 3430 
1450 2590 3450 
2 8-7 10 75 10 8 5 1510* 2260 2850 
1420* 2090 2780 
1460 2180 2820 
3 8-7 Sar 1510* | 2300- | 3080 
1530* 2250 2940 
1520 2280 3010 
4 8-8 10 90 15 9.0 1500* 2140 3270 
1510* 2260 3000 
1500 2200 3135 
5 8-8 8.7 1640* 1920 3000 
1630" | 2060 2930 
1640 1990 2975 
6 8-9 20 85 15 6.5 1770* 2620 3380 
1830* | 2700 3380 
1800 2660 3380 
7 8-9 20 55 20 i des 1440* 2360 3540 
1350* | 2380 3060 
1390 2370 3300 
8 8-9 17 53 15 8.0 | 1710" | 2510 fet 
1800* 2590 3440 
1760 2550 3440 
9 8-9 10 70 10 Wee 1450* 2110 3540 
1290* 2040 2860 
1370 2080 3200 
10 8-14 12 80 20 8.0 1410 2360 3135 
oso | 2300 | 2040 
1250 2330 3030 
1 8-14 10 80 10 6.5 1560 2500 3380 
1650 | 2740 | $360 
1600 2620 8370 
13 8-14 17 110 15 8.0 1350 2420 3695 
1900 | 2480 | 3760 
1770 2450 3720 
14 8-14 10 65 10 5.3 1630 2710 3380 
1680 | 2720 | 3280 
1660 2720 3300 
Eve AERETER CS so ARUN wee be ae Ea CORT Roane ape Ces i 1550 2300 3280 


Mean variation, per cent 


* Age at test, 9 to 11 days. 


© 
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Taste 5.—Compression Tests or ConcrEeTe—Jop C. 


Compression tests of 6 x 12-in. concrete cylinders made in field. ! 

Agareestes sand and pebbles from Port Washington, Long Island, furnished by Lenox Sand and Gravel Co. 

Portland cement was used. _ ; ; ; 

Samples selected from buggies by means of sampling box, during discharge of about 14 cu. yd. batch from 
mixer. 

Specimens cured in damp sand until test; tested damp. 


Compressive Com- 
Strength, D = eee 
Date | Time of |q Flow, b. per sq in. ate ow, |Strength, 
Batch. | Sampled} Mixing, ae per Batch. |Sampled biney per | lb. per 
(1928). sec. eS sl a a rot (1928). : cent. |- sq. in. 
7 28. 3 yar 
day. | day. | mo. 28 days. 


3170 Bs Bee ea ae ate 
2010 | 2800 | 3250 
2060 | 2780 | 3210 
1300 | 2000 }-2610 er ae ar = obiien 
990 | 2240 | 2480 
1140 | 2120 | 2540 2 
1330 | 2350 | 2880 an a i he 
1350 | 2250 | 3110 
1340 | 2300 | 2990 
1380 | 2470 | 2780 a ae a a é 
1370 | 2250 | 2800 
1370 | 2360 | 2790 
Mix ny Votums, Dry anp Puppiep 1:2.1:4.2 
5 8-28 96 6.5 60 | 1420 | 2580 | 2820 14 9-5 oS ae 2240 
1450 | 2360 | 2840 ; 2210 
1440 | 2470 | 2830 2220 
6 8-28 75 7.0 70 | 2000 | 2760 | 3370 15 9-5 as is 1640 
1800 | 2870 | 3590 1790 
1900 } 2820 | 3480 1720 
7 8-28 39 6.0 70 | 1540 } 2170 | 3080 16 9-5 | 7.0 5D 1900 
1510 | 2040 | 2520 2140 
‘ 1520 | 2100 | 2800 1970 
8 8-28 87 3.0 25 | 1590 | 2160 | 2460 17 9-5 ne aA 1970 
1480 | 2460 | 2660 1960 
1540 | 2310 | 2560 1960 
9 8-28 38 8.75 | 50 | 1360 | 2115 | 2830 18 9-5 ss .. 1960 
1360 | 2260 | 2870 1890 
1350 | 2190 | 2850 1920 
10 8-31 92 5.75 | 70 | 1560 | 2580 | 3620 19 9-7 ye Re: 2160 
1460 | 2840 | 3270 2140 
1510 | 2710 | 3440 2150 
11 8-31 73 5.75 | 40 | 1330.) 2150 | 2500 20 9-7 Ae) is 2160 
1310 | 1770 | 2660 2270 
1320 | 1960 | 2580 2220 
12 8-31 87 5.5 70 | 1190 | 1890 | 2860 21 9-7 as a 2580 
1120 | 1900 } 2500 2780 
i He 2680 ; 2680 
13 31 " 7 1700 | 2660 22 9-' a8 ne 2060 
: Aa Sete ale 60. 1070 | 1760 | 2980 2090 
980 | 1730 | 2820 2080 
2 - Boy eel Cee 
3 bet 1810 
‘ 1940 
Grand average............ 5.9 60 | 1430 | 2180 | 2890 


Mean variation, percent...!.... | .... | 14.7 | 11.7] @.1 
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TaBLE 6.—Compression Tests or Concrete—Jozs D. 


Compression tests of 6 x 12-in. concrete cylinders made in field. 

Aggregate: “‘Ready-mix” gravel from Port Jefferson, Long Island, furnished by Kittanning Sales Co. 

Portland cement was used. 

Mix by volume: damp and loose, approximately 1:6. 

Concrete samples selected from buggies by means of sampling hox, during discharge, of about 1 cu. yd. batch 
from mixer. 

Cylinders cured in damp sand until test; tested damp 


; =~ Compressive 
Time of Mixing, Mixing Strength, 
Date sec. Cement | Water, Ib. per sq. in. 
Batch. |Sampled per gallons | Slump, 
(1923). Batch, per in. 
Load- | Mix- | Dis- | bags. | bath. 7 28 3 

ing. ing. charging. day. day. mo. 
1 9-28 30 30 20 6 37.6 8 1110 2220 2610 


1110 2220 2600 
1110 2220 2600 


2 9-28 8 BD ore 6 37.6 8 780 1440 1620 
1040 1540 1900 


860 1490 1760 


3 10-1 20 25 30 6 28.5 8.5 1310 2400 3020 
1400 2360 2740 


1360 2380 2880 


4 10-1 20 35 23 6 29.8 5.5 1660 2990 2970 
1700 2760 3610 


1680 2875 3290 


5 10-2 40 3 28 6 29.8 6 1610 1990 3160 
1540 2070 3350 


1580 2030 3255 


6 10-2 20 18 10 6 32.3 6.5 1300 1960 2140 
1140 2080 2690 


1220 2020 2415 


7 10-4 25 45 20 6 31.6 4.5 1920 3000 3640 
1640 2760 3460 


1780 2880 3550 


= 2 2 20 6 31.6 7 1490 2220 3370 
3 ae ° : 1440 2240 3220 


1460 2230 3295 


GrAndiaveracetetewearcttessl|'ciererouseyote lieiwloieteda'lsierw tere 32.4 6.8 1380 2260 2880 
Mean variation, per cent...|........{-.---++-- nave peste oe 17.4 14.7 14.3 


390 Fietp Tests oF CONCRETE. 


TaBLE 7.—CoMPRESSION TESTS OF CoNCRETE—JoB E. 


Compression tests of 6 x 12-in. concrete cylinders made in field. : 

Aggregate: “‘Ready-mix”’ gravel from Marlborough-on-the-Hudson, furnished by Rosoff Sand and Gravel Co. 
Portland cement was used. s 

Concrete samples selected from forms for massive foundations. 

Cylinders cured in damp sand until test; tested damp. 


Compressive Strength, 


Date 1 Ib. per sq. in. 
Sample ee 8 Sage 

( ; 7 day. 28 day. 3 mo. 
} NAEP ANG ACEO ere Eerste dose cod c 9-14, eee 980 2110 2850 
1060 2000 3290 
a0 21) 2440 
1020 2090 2860 
AE Ie Te ASEPTIC ene NOON 9-17 5.5 1420 2400 3490 
5.2 1350 2660 3010 
G4 1320 2540 ea) 
1360 2530 3250 
Dvn Mae wh, Sete eth a ah Paes ein cee, ieee ee 9-18 6.4 1550 2140 3400 
Dee meter SOE Minn he tA cious i: eR IRS 7 1600 2210 3120 
Be GS atid oe ean tage hehe la Neate ee ee ee 6 1430 2420 3320 
Bee ck ccsRistatte en gia Pen Ter aem cre ae eased 9-19 6 1240 1800 2980 
Dre Aa AOE SOY LER ue eR eI eo Roce 6.5 1320 1940 2790 
(eC AP RTCR che ARE MRE TOSS reek 6.5 1350 2050 2970 
ein I ee eet Se ree onan 9-20 7.5 1300 2080 3120 
10 as See OW. Clee ne Dae ee 6.2 1370 2010 2880 
Tae Woks So at cette ote eine Ia ern eee ieee 7.8 1240 2070 3090 
Grandiaverage:a.). s.cvmysaie con seca sai 6.4 1300 2120 3060 
Mean variation, per:cent......:.:..0.-.++s009- ett Os 10.2 oS 6.8 


TaBLE 8.—Tersts oF CONCRETE SAMPLED AT DIFFERENT Pornts—Jos A. 


Compression tests of 6 x 12-in concrete cylinders. 

Mix: about 1:51% by volume, dry and puddled. 

Aggregate: ‘‘Ready-mix” gravel from Port, Jefferson, Long Island, furnished by Kittanning Sales Co. 

Portland cement was used. 

Three samples selected from a batch of approximately 1 cu. yd.; at mixer, discharge end of chute, and 
from forms. 

Age at test 28 days. 

Cylinders cured in damp sand until test; tested damp. 


Date Slump, Flow, Compressive Strength, 
Batch. | Sampled in. per cent Ib. per sq. in. 
(1923). |__| ee SE eee 
Mixer. | Chute, | Forms. | Mixer. | Chute. | Forms. Mixer.| Chute. | Forms. 
28 9-29 ae 4.5 5 0 Ry 55 65 1540 1910 1450 


1520 1810 1600 
1530 1860 1520 


29 10-2 a 5.0 7.0 oe 60 85 1910 1880 1840 
2070 2090. 1630 


1990 | 1980 | 1740 


30 10-2 4.0 6.0 ve 50 80 1550 1840 1850 
1760 1936 1470 


1660 1880 1660 


31 10-2 te 6.0 7.0 Xe 70 100 1510 1740 1760 
1710 1610 1940 


1610 1720 1850 


Grandayerage rns wereeee 4.9 a, 1700 1860 1690 
Mean variation, per cent... Ped ia a ys “7 9.1 5.4 9.2 


a 
bo 
or 
ioe} 
co 
LS) 


Taste 9.—Sinve ANALYSES AND 


Average weight of aggregate: damp and loose, 112 Ib. per cu. ft.; dry and puddled, 128 lb. 
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MoisturE ContTEeENT oF AGGREGATE— 
Jop A. 


Aggregate: ‘‘Ready-mix” gravel from Port Jefferson, Long Island. 


Mois- Amount Coarser than each Sieve, Tine- 
Date ture, per cent by weight. ness 
Sample.| Sampled] Place Sampled. per Mod 
(1923). es ulus.* 

Ny 3 34 WA 

rece 100} 50 | 30 | 16] 8 | 4 13% | 34} 1 ~| ut 

1 9-9  |\Stock pile.........] ... | 99 |°93 | 80 | 72 | 68 | 54 | 43 | 31 | 26} 5 | 5.40 
2 re eae 5901-92 184 | 73} OO 6b 40) 241215) 1 o248 
3 e ‘ ete ace .. | 99 | 96 | 83 | 73 | 68 | 63 | 40 | 26 | 22) O| 5.48 
4 Cay beeen -. | 99 | 95 | 79 | 69 | 64 | 60 | 34 | 21 | 16] 0} 5.21 
5 % Siow ts .. | 99 | 94 | 84 | 75 | 67 | 61] 46 | 30 | 24] 10] 5 66 
6 Z i a ee ee Ee NOE POOn ESI l76. laddeilor Iovaise |heou|\ eo norol 
zh 4 SOE nc eee 2.3 | 99 | 96} 86 \ 78 | 74 | 69 | 42 | 27 | 21] 3] 5.74 
10 At mixer ... | 99} 99] 91] 76} 60 | 45 | 28] 14] 10) 2] 5.14 
11 5 samples from one | | .. . 99 | 98 | 90 | 75 | 62 | 49 | 32] 17 | 11 0 | 5.22 
12 9-122 | batch collected at ... {100 | 99 | 91 | 79 | 69 | 57 | 85/17 | 12] 3 | 5.50 
13 different ... {100 | 99 | 96 | 89 | 85 | 79 | 61 | 27 | 16 2| 6.38 
14 intervals nae 99 | 99 | 91 | 80 | 71 | 64 | 50 | 32 | 21 9 | 5 95 
15 Oat" |Mixercetnere ces <t ... |t00 | 98 | 92 | 83 | 77 | 70} 50] 22] 11 | O| 5.92 
16 % Mixer (Batch 5)...| ... | 99 | 95 | 84] 73 | 64] 56] 31] 10] 4] 0} 5 12 
17 s (eG) cena tera ROOM |posnl S4aliz4a|) 00]! Gialaon ||, 145| ert m0n [R230 
18 Ss ee ayes Ae Gr|.99) || 93-1 Sl 74 |)66"| 259) (42) 23" 91691) 0 18 a038 
19 os ch (Gnas 58) 1.7 | 99] 93 | 80 | 72} 62] 53 | 35] 19 | 4] 0} 5.18 
20 ie ie eee £9) 1.6 | 99 | 97 | 90 | 80 | 71 | 65 | 47 | 28 | 21) 2] 5.79 
21 “ Belt conveyor. .... Bt OOO") Gul 69n lop] 222) 124 Gn) o. TeOm| aan ss 
22 es a om te ae LOOM Oa eS3e Ol 05! |245: | 29:4 13 |p ol) ale asco 
23 “f ie eo) feat Be  SILOONIEOT. PS20 1645 | 005/42 27 ets PLO ca |e 
24 s fe SPL were .., | 99 | 98 | 86} 68 | 55 | 47 | 30] 13] 8 | 2] 4.98 
25 9-18 | Stock pile......... BLA ESM | |Meat | Meee hc ret (el Ue OM feild Vs Dk Pal cts 
26 ue LenS aii team Hw Ve} = S| AC |e tales Neco [he ing a oa | etaall Fey ol icecco.c 
27 9-19 | Mixer (Batch 10)..| 1.8 | 99 | 98 | 89 | 72] 56 | 42] 22] 7] 41] 0 | 4.65 
28 ae « ¢ * qh) 1.4 | 99 | 98 | 89 | 74 | 65 | 57 | 41] 19] 11] 2) 5-44 
29 ce “« (¢ « 49) 1 1.4 | 99] 93 | 81 | 67 | 57 | 49 | 37 | 24] 17] 6 | 5-18 
30 a « ( * 43) 1 2.4 | 98} 91 | 82 | 74| 611 51 | 39 | 26 | 23] 3 | 9-25 
31 * « ¢ © 44) 1 2.1 | 98 | 92 | 82 | 73 | 60 | 49 | 37 | 25 | 23 | 3] 5-19 
32 9-20 “ ( « 45).-| 2.14 | 99 | 98 | 82 | 73 | 55 | 39 | 28 | 20] 18 | 3 | 4.92 
33 a « ( © 46)..| ... | 97 | 95 1:86 | 76 | 63 | 54 | 38 | 21 | 15} 0 | 5.30 
34 c: “« ( « 47) | 1.4 | 99 | 96} 92 | 89 | 81 | 72 | 52] 29] 23] 3 | 6.18 
35 ca Co mA TS) Lay | meee tae | aetna 85, BOM madame tet 
36 9-25 | Belt conveyor..... 23 | 99 | 95 | 90] 85 | 73 | 65 | 56 | 42 | 37] 9 | 6-14 
37 us ss LE Wess. ed 1.9 | 99} 96 | 91 | 87 | 78 | 72 | 64 | 50 | 42 | 5 |-6.42 
38 Prack: Wyott. Koka AON eT kee | See eee. S201 238) Fate Li SeoG 
39 Me Cr ee ee ie Pe ie ee eer Ue Cap on 
40 12-13 CA gee ee raed “| 99 | 99 | 88 | 76 | 68 | 61 | 46 | 26 | 18] 5 | 5.68 
41 ‘ aay eee Oe Teale ESOS can dered Ge Ca ah parle ret oes 
42 3 CIAL Bev cor ah, Bale sali sec es | Necresel CGS) RC EN Gia Gl cour 
43 ae ERE ee arch ees. eke Nice Ned eal onal aba ee TOL IU cece 
44 w Lae eee Ea RY) elt ioe | eof 2450 |S Hel Sal On| ee | ers 
45 12-11 Ot ee eee haviscnes “| 99 | 97 | 84] 71 | 63 | 57 | 44 | 24] 15] 4] 5.43 
46 “ ee ees Epa le |e | eee liga lesen |i On| eaten OL || ON Tear. 
47 10-10 | Mixer 1.5 | 99 | 95 | 85 | 76 | 67 | 61 | 47 | 26] 17] 3 | 5.69 
48 10-19 B |. | 99 | 97 | 88 | 77 | 68 | 61 | 45 | 22] 14] 2 | 5-59 
49 “ CG petal Ms ame Ng 1.0 | 99 | 98 | 90 | 80 | 71 | 64 | 48 | 26] 15} 3] 9.79 
50 12-11 | Mixer (Batch 37)..| ... | 99 | 97 | 90 | 83 | 72 | 65 | 51 | 26] 19] 5 | 5.88 
51 12-12 es (Gem 8) ee 99 | 98 | 91 | 79 | 67 | 56 | 41 | 20] 12] 4 | 5-55 
52 “ ee eee 3S) oe 99 | 98 | 89 | 74 | 64 | 54 | 38] 19] 13 | 5 | 5.40 
53 v ten. OS), 99 | 93 | 81 | 71 | 62 | 55 | 38] 18] 13} 0] 5-17 
Ay eLaze| Marner ee ace te ere tase 1.7 | 99 | 96 | 86 | 75 | 65 | 57 | 41] 23 | 16] 3 | 5.46 


“Sum of percentages in sieve analysis divided by 100, omitting the 1-in. sieve. 
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Taste 10.—Srmve ANALYysES AND MoisturE ConTENT oF SAND AND 
Prsstes—Jos B. 
Sand and pebbles from Port Washington, Long Island. 


Amount Coarser than each Sieve, 


"| Date Moisture, per cent by weight. Fineness 
Sample. [Sampled] Concrete, | per cent Modulus. 
(1923). | batch. by 
weight. 10 50 | 30 | 16 | 8 | 4 /%/%)| 1 |1% 
SAND 

ae 8-5 1 96 | 8i1.| 40} 21) 9] 8] 0 2.50 

3 8-6 96 | 81 | 39] 19} 8] 2] 0 2.45 

5 8-7 2 95 | 82 | 36} 16) 7}| 2] 0 2.38 

7 8-8 4 5.8 97 | 8e \ 40E) 1820 2.51 
10 8-8 3.3 ig el ere ae 
11 8-9 3.5 > pane 
13 8-9 6 96 | 81 | 40] 20} 6} 1] 0 2.44 
14 8-9 3.5 ae ae 
16 8-9 95. | 80+} 88-17 | 6 | 2) 0 2.38 
18 8-9 8 4.6 96 | 82 | 42 | 20 8 2 0 2.50 
20 8-9 9 96 | 78 | 38) 11] 6] 2] 0 2:31 
22 8-14 10 3.6 O71 | (S18 |/-382 |e za ea) eee 2.48 
24 8-14 11 3.5 96 | 81 | 38 | 16 7 2 0 2.40 
26 8-14 12 3.8 95 | 81| 40}18| 7] 2) 0 2.43 
27 8-14 13 3.5 96 | 81 | 40 | 15 7 2 0 2.41 
29 8-14 14 3.6 96 | 82 | 43 | 20 8 2 0 2.51 
30 8-14 4.0 = ae wine 
31 8-14 3.5 at 

32 8-14 4.4 Re 

33 8-14 3.7 Re 
WAVOrae. ou). <a orion sisal 3.9 OF S2a1S9n | T7e 7e| 2a 0 2.43 

PEBBLES. 

2 8-6 1 99 | 99 | 93 | 97 | 94 | 82 | 48] 16] 6] O 6.33 

4 8-6 99 | 98 | 97 | 94 | 93 | 82 | 51] 20] 9] O 6.34 

6 8-7 2 99 | 97 | 95 | 93 | 90] 96} 35} 8} 38] O 5.93 

8 8-8 4 2.0 99 | 97 | 95 | 93 | 90] 75} 88} 13} 5] O 6.00 

9 8-8 5 99 |-99 | 98 | 95 | 94 | 79] 45] 16} 5] O 6.25 
12 8:9 6 99 |} 97 |) 96 1925) 851) 7283 Talesse}) 0 5.30 
15 8-9 7 100 | 99 | 98 | 96 | 91} 70 | 35 | 14] 7] 0 6.03 
19 8-9 8 99 | 99 | 98 | 96 | 88 | 72] 87] 18] 6] 0 6.07 
21 8-9 9 100 | 99 | 97 | 95 | 88 | 82 | 39 | 14) 6] 0 6.04 
23 8-14 10 2.3 100 | 99 | 99 | 97 | 93 | 76 | 52 | 20 9 0 6.36 
25 8-14 11 99 | 99 | 97 | 96 | 91 | 73 | 40] 13] 6] O 6.08 
28 8-14 13 99 | 99 | 98 | 97 | 93 | 77 |] 45] 12 | 4] O 6.20 
30 - | 8-14 14 1.8 99 | 99 | 98 | 96 | 89 | 71 | 84110] 4] O 5.96 
AVerages Sst. senemaisaes 2.0~ | 99 | 98 | 97 | 95 | 91] 76 | 41] 14] 6] 0 6.11 


* Sum of percentages in Sieve Analyses divided by 100, omitting the 1-in. sieve. 
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TaBLeE 11.—Unir Weicet or AcgrecaTes—Jos B. 


Unless otherwise noted, the unit weights were determined by puddling dry aggregates into a % cu. ft 
: cylindrical measure, in accordance with the Standards of the American Society for Testing Materials. 
Unit weights of average samples of sand and pebbles; see Table 10 for sieve analyses. 


Mixed Aggregate, 
per cent by weight. Unit Weight, 
Ib. per cu. ft. 


Sand Pebbles. 


Dry anp Puppep. 


100 (sand only) 0 108 
60 40 117 
50 50 121 
41 59 123 
33 67 124 
28 72 124 
23 77 121 
17 83 120 
13 87 118 
0 100 (pebbles only) 110 


Damp anv Loose. 


Sand only (4 per cent moisture).......... 85 
Pebbles only (2 per cent moisture)....... 107 


TABLE 12.—Data oF CALIBRATION OF Mrasurine Devices—Jos B. 


Quantities for batch were two sacks of cement plus one shovelful, two barrows of sand and four barrows of 
pebbles. The mixing water used for each batch was 87 Ib. plus one or more of the additional quantities 
listed below. usually the medium 


Quantities. 
1 2 3 4 Average. 
Wheelbarrows for measuring sand: 
a) Dam prsand) losee rece rts ele cistetaynese lesa tie ass ystelsie-systerst ae 148 | 155 | 164] 164 159 
(GO) DRG le caaaneasaseaocdeeabs soaon sean guoeopOCUE 142 149 157 157 151 
(Weight of damp sand, less 4 per cent moisture) 
(©) Sand; damp and loose) cu.ft). 0......0..200csseeren sees 1.75 | 1.83 | 1.94 | 1.94 1.87 
(d) Sand, dry and puddled, cu. ft...............00eeee eee eee 1.32 | 1.388 | 1.45 | 1.45 1.40 
Wheelbarrows for measuring pebbles. 
(@PEDampipebbless bee e acrsrsrcsircisie eles sas erstacterciomrersts 228 2121210: ee 217 
(O)eDrvapebblesvb sie nes coors anee one 2 oe Ranettiin anwoe 223 | 203 | 206] .... 212 
Weight of damp pebbles, less 4 per cent moisture) 
(c) Pebbles, damp and loose, cu. ft...........00.sceeeeeooes O12 1 1098) P4397 1 ooo 2.02 
(a) Pebbles, dry and puddled, cu. ft..............--eeeeceee 2.02} 1.09 | 1.87] .... 1.93 
_ Water barrel 
(@) Initial’ quantity. of water, forleach bateh,-lby.....0)....01. ct oie sone |- sae eof e esse fine ee 87.0 
(b) Water added to regulate consistency, lb.: 
Smallinmountadecems see cee csnataaeecctsieca 9 ate eactessp2t- 3.5 3.5 
Meditim: amount anceerscntes eielasvisisicrese citi eisiewn. Seoeiete = 14.8} 9.2 12.0 
Vargeramountia- cee omciletierteiseslelsraretere teteieieieiotelsieinie 35.0 35.0 
Shovelfuliotzcemient, ose erp aesicie vieielsievsiele « uleteia(syelsiclerelsiolsnl¢i= 959) 5929 9.7 
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TABLE 13.—SinvE ANALYSES AND MoisruRE CoNTENT OF SAND AND 
PEBBLES—JoB C. 
Sand and pebbles from Port Washington, Long Island. 


Amount Coarser than each Sieve, 


Moisture . . 
: er cent by weight. Fineness 
Sample: acer Concrete, oth P y Modulus.* 
(1923 . | 
! weight. | 199 | 50 | 30 | 16 | 8 | 4 | % | $4] 1-|1% 
1 
SAnp. 
3 8-21 None oem 94 | 74 | 34 | 17 7 1 0 2.27 
6 8-21 None 22 95 | 80 | 44 | 21 8 1 0 2 49 
7 8-21 None 33 96 | 8L | 45 | 21 7 1 0 2 51 
9 8-24 1 2.5 97 | 78. | 35) 17 7 1 0 2 37 
tl 8-24 2 3.8 96 | 77 | 38 | 18 7 1 0 2.38 
13 8-24 3 4.7 96 | 79 | 39 | 19 8 1 0 2.45 
15 8-24 4 4.5 97 | 77 | 37 | 19 7 1 0 2.38 
22 8-28 5 4.2 96 | 78 | 35 | 15 6 1 0 Py | 
24 8-28 6 45 96 | 78 | 36 | 16 7 1 0 2.34 
28 8-28 8 4.7 95 | 80 | 44 | 24 9 1 0 2.53 
30 8-28 9 6.2 96 | 80 | 47 | 24 9 2 0 2.58 
32 8-31 10 60 96 | 82 | 45 | 22 8 2 0 2.55 
34 8-31 11 6.0 96 | 80 | 43 | 22 e J 0 2.49 
36 8-31 12 6.2 96 | 79 |.45 | 26 | 10 3 0 2.59 
38 8-31 13 7.3 97 | 80 | 44 | 22 8 2 0 2.53 
40 9-5 14 aoa 98 | 87 | 41} 15 6 1 0 2.48 
42 9-5 14 96 | 80 | 35 | 14 6 1 0 2 32 
44 9-5 15 95 | 78 | 41 | 19 6 i} 0 2.40 
4 8-21 None 97 | 82 | 44 | 23 5 2 0 2.53 
5 8-21 None §.1 96 | 82 | 48 | 23 6 0 0 2.55 
8 8-21 None 96 | 81 | 44 | 21 7 1 0 2.50 
ae 8-21 None 96 | 80 | 42 | 33 6 2 0 2 49 
AVOrage: Soe eae net eaters 4.7 96 | 80 | 41 | 20 if 1 0 2.45 
PEBBLES 
1 8-21 None Be 99 | 99 | 99 | 98 | 92 | 69 | 34 | 11 5 0 6.01 
2 8-21 Nove A 99 | 99 | 99 | 94 | 871 67 | 33 | 11 5 0 5.87 
10 8-27 1 *2.9 99 | 99 | 98 | 96 | 92 | 77 | 48 | 20 9 0 6 29 
12 8-27 2 2.1 99 | 98 | 96 | 95 | 92 | 85 | 40 4 3 0 6.12 
14 8-27 3 1.8 100 | 99 | 99 | 99 | 97 | 89 | 46 | 14 3 0 6.45 
16 8-27 4 1.4 99 | 97 | 95 | 94 | 92 | 86 | 71 |} 23 3 0 6.57 
18 8-27 None oa 99 | 99 | 97 | 96 | 94 | 88 | 51 | 14 3 0 6.42 
20 8-27 None el 2 84 | 48] 10] 3] 0 6 .30f 
21 8-27 None med 81 | 39 9 2 0 vee 
23 8-27 5 Dati 99 | 99 | 98 | 97 | 95 | 90 | 47 9 1 0 6.34 
25 8-27 6 3.0 99 | 98 | 96 | 94 | 91 | 83 | 40 8 2 0 6.09 
27 8-27 7 3.4 99 | 97 | 95 | 92 | 89 | 82 | 39 7 1 0 6.00 
29 8-23 8 2.4 99 | 98 | 97 | 96 | 95 | 89 | 46 9 2 0 6.29 
31 8-23 9 3.0 99 | 99 | 98 | 96 | 95 | 89 | 53 | 14 4 0 5.48 
33 9-7 10 99 | 98 | 96 | 93 | 89 | 77 | 48 | 23 | 12 0 6.23 
35 9-7 11 99 | 98 | 96 | 94 | 88 | 74 | 41 | 17 7 0 6.07 
37 9-7 12 4.1 99 | 98-| 95 | 93 | 89 | 77 | 46] 19 8 0 6.16 
39 9-7 13 99 | 99 | 97 | 96 | 89 | 76 | 42 | 16 8 0 6.14 
41 9-5 14 99 | 99 | 98 | 97 | 95 |\83 | 53 | 24 | 12) 0 6.48 
43 9-5 15 99 | 99 | 98 | 96 | 90 | 68 | 36] 17} 8] O 6.05 
45 9-5 99) 1/995 )998 (97 O50 7a 45a elon ee lO 6.20 
Average. novintscsitercte mee 27, 99 | 99] 97 | 95 | 92 | 81 | 45 1188 | 5 6.18 


* Sum of percentages in sieve analyses, divided by 100, omitting the 1-in. sieve. 
t Fineness modulus estimated from average analyses of particles finer than No. 4 sieve. 


+ theme 
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TaBLe 14.—Unit Weigut or AGGREGATE—JosB C. 


Unit weights of mixed aggregates determined in }4 cu. ft. measnre in accordance with Standards of American 
_ Society for Testing Materials. 
Unit weights of average samples of sand and pebbles; see Table XIII for sieve analyses. 


Mixed Aggregate, per cent by weight. Unit Weight, Ib. per cu. ft. 
Sand. Pebbles. il 2 3 4 Average. 

100 (sand only) 0 108 108 108 108 108 
60 40 122 121 120 120 121 
50 50 124 124 123 124 124 
40 60 127 126 127 126 126 
35 65 128 127 127 128 128 
33 67 129 128 126 128 128 
30 70 128 128 125 127 127 
25 75 126 125 123 125 125 
20 80 124 122 121 122 122 
0 100 (pebbles only) 111 112 110 111 111 


TasLe 15.—Sigve ANALYsIs OF AGGREGATES—JoB D. 


Aggregate: “‘Ready-mix” gravel from Port Jefferson, Long Island. 


Amount Coarser than each Sieve, 
Date per cent by weight. 
Sample.|Sampled Place Sampled. Fineness 
(1928). cana | pms (SET | NI eT ee Moduluas 
100} 50 | 30 | 16) 8 4) 3/34) 1 11% 

1 {|100 | 98 | 93 | 82 | 73 | 65 | 51 | 34 11 6.08 
2 100 | 99 | 89 | 81 | 72 | 63 | 48 | 26 5 5.84 
3 100 | 99 | 92 | 76 | 66 | 58 | 39 | 19 4 5.53 
4 9-17 | Stock pile........... 99 | 98 | 90 | 67 | 55 | 44 | 31 | 19 4 5.07 
4 100 | 99 | 94 | 82 | 59 | 46 | 32 | 16 il 5.29 
5 99 | 90 | 89 | 71 | 57 | 46 | 31 | 12 2 5.06 
6 J 99 | 98 | 89 | 77 | 56 | 52 | 38; 19] .. 4 5.32 
7 10-1 Mixer (Batch 3)....... 100 | 99 | 89 | 75 | 66 | 58 | 46 | 25 | 16 5 5.63 
8 10-2 Sing om i i ae ee 100 | 99 | 91 | 77 | 65 | 54 } 39 | 20 | 12 2 5.47 
9 10-2 CE SRT) a iain 5 99 | 98 | 87 | 70 1 59 |} 51 | 38 | 20 | 12 2 5.24 
10 10-2 aan (SSK) peer 99 | 98 | 88 | 73 | 64 | 56 | 41 | 22 | 13 1 5.42 
11 10-4 ee aia ieee 99 | 98 | 87 | 71 | 62 | 55 | 41 | 20 3 5.36 
12 10-4 a (Sec epine 3-15 hee 99 | 97 | 85 | 71 | 68 | 57 | 45 | 26 5 5.48 
PAW ELAROtha xnuctods ats en leuaioays acacaiespne pers aie 99 | 99 | 90 | 75 | 63 | 54 | 40 | 21 | 13 3 5.45 


* Sum of percentages in sieve analysis. divided by 100, omitting the 1-in. sieve. 
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Taste 16.—Sinve ANALYSIS OF AGGREGATE—JoB E. 
Aggregate: “Ready-mix” gravel from Marlborough-on-the-Hudson. 


Date Amount eee han cout Sieve, Hines 

Sam- | Sam- per cent by weight. Fel 
le. | pled Scow Sampled. Mak 
(1923). ulus.* 

100) 50 | 30] 16| 8 | 4 | %}] 34) 1 (1% 
1 9-14 | Bishop, 18 ft. from stern..... 98 | 97 | 93 | 87 | 79 | 72 | 49] 14) 3] 0} 5.89 
2 Aas ee ret 98 | 91 | 79 | 64 | 49 | 40 | 29 | 12 3 0 | 4.62 
3 spe os 6“ * top, 25ft.| 99 | 96 | 91 | 82] 72 | 63 | 51 | 22] 5] 0] 5.76 
from stetnecwvesa.e oetee 

4 «| Bishop, near center,18in. down} 98 | 94 | 84 | 69 | 55 47 |39]}18} 6] O| 5.04 
5 gee “bow, 18 in. down.. 99 | 94. | 87 | 76 | 66 | 59 | 41 | 11 3 0 | 5.33 
6 9-17 | Marlboro, No. 10....... ..| 99 | 96 | 89 | 79 | 67 | 54] 29) 6] 1] 0} 5.19 
7 Sie am ee eke ..| 99 | 98 | 94 | 88} 79] 70} 48 | 10} 4] O} 5.81 
8 he - ee) Ne ees abe 98 | 95 | 88 | 78 | 67 | 60 | 41} 10} 3] 0} 5.37 
9 wi “3 ME: cro snecertte 98 | 95 | 88 | 77 | 64 | 52 | 87 | 16} 4] O} 5.27 
10 BS ‘ SO ERs noe ee 98 | 94 | 84 | 68 | 49 | 35 | 24 9 3 0 | 4.61 
11 9-18 Wm. Howland oSnn tear ee 98 | 90 | 80 | 69 | 57 | 53 | 40 | 16] 7] 0 | 5.03 
12 RA gs 98 | 94 | 85 | 72 | 58 | 47 | 388] 15] 5] 0} 5.07 
13 9-23)! Wands iota as co wena eee 98 | 94 | 85 | 73 | 63 | 55 | 44] 20] 7] O| 5.32 
14 ve SSPE porte icine aa chr oes 99 | 95 | 89 | 80 | 70 | 62 | 40] 14] 4] 0] 5.49 
15 sees Oe acs, RES ain SUD ee 98 | 96 |.88 | 81 | 72 | 65 | 43 | 11 2 0 | 5.54 
16 9-25: ID Wai Mackw. vais nti cee aae 99 | 98 | 94 | 87 | 80 | 72 | 51] 12} 3] O | 5.93 
17 ps ge aE ace are eit eh A Pe 98 | 93 | 82 | 70 | 55 | 46 | 36) 17} 6] 0} 4.97 
18 Ia Ie hia Sanh eM aN g 99 | 94 | 85 | 73 | 59 | 50 | 37 | 14 | 5 | 0} 5.11 
Averade wren cwitde ca Nes creventeee tata eas "| 99 | 95 | 87 | 76 | 65 | 56 | 40 | 14 4 0 | 5.30 


* Sum of percentages in sieve analysis, divided by 100, omitting the 1-in. sieve. 


TaBLe 17.—MIscELLANEOUS LABORATORY TESTS OF CEMENT. 


Tests made in accordance with Standard Specifications and Tests for Portland Cement of the American 
Society for Testing Materials. 
Each value is the average of two tests made on different days. 


Time of Setting. 


Date (1923). er Sound- 
esidue 7 = aeoai| a5 | a eT ReSs 
Cement} Brand of | jop. on 200 a Vicat Gillmore Test 
Lot. | Cement. ste Abu] Sake kami (Lesbieans Needle. Needle ONCE 
Sieve. | *eD°y: i : Boiling 
Semnpled be alpested ae || Water 
ampled. |ceived.| Tested. Initial,) Final, |Initial,! Final, 
h. m.| h. m| h. mj h. m. 
7049-51| Penna A {9-14, 19, 20] 10-2 | 10-26 16.6 22.7 | 3 35|/ 8 25) 5 40} 9 20) O.K. 
7145 Penna A {11-16 11-26} 12-20 16.4 245] 3 20) 9 45) 5 30/11 05) O.K. 
6966 Penna...| B {7-7, 9, 14 7-18] 10-26 19.4 23.5 | 3 25) 8 00) 5 45) 9 10) O.K. 
6986 Whitehall] C |7-24, 28, 31) 9-10} 10-26 19.8 23.0 | 3 25) 7 50) 5 40] 8 40] O.K. 
7098 Alpha D 10-31, 11-1] 11-2 | 12-20 18.8 23.0 | 3 50) 7 50} 6 30/9 00) O.K. 
7044 Atlas E |9-20 9-29} 10-26 19.0 32.5 | 3 20) 8 20) 5 40] 9 20) O.K. 
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TasBLE 18.—ConcRETE AND Mortar Tzsts oF CEMENT IN LABORATORY. 


Strength tests of 1-3 standard sand mortar briquets, and 2 x 4 in.-cylinders, 

Compression tests of 6 x 12-in. concrete cylinders. 

Aggregate for concrete: sand and pebbles from Elgin, Ill., graded 0-114 in. (m=5.51) 

Relative consistency of concrete, 1.00. 

Cement assumed to weigh 94 Ib. per cu. ft. 

In comparing strength values of concrete in this table with values obtained from the field tests it should be 
borne in mind that the laboratory cylinders were of drier consistency than those made in the field and 

therefore would be expected to give higher strengths at all ages. 


Each value is the average of five tests unless otherwise noted. 


Tensile Strength, lb. per sq. in. Compressive Strength, Ib. per sq. in. 


1:3 Standard Sand. 1:5 Concrete. 
eee 1:3 Standard Sand Briquets. 
2x 4-in. Cylinders 6 x 12-in. Cylinders. 

7 days. | 28 days. 3 mo 7 days. | 28 days. 3 ms. 7 days. | 28 days. 3 mo. 
7049-51 360 420 415 2080 3370 4110 2300 3640 4640 
7145 365* 440* 535 2580* 3440* 4200 oe ae eae 
6966 280 395 440 1550 2020 2960 1720 2680 3370 
6986 360 430 450 1820 3090 3700 2140 3500 4230 
7098 295 395 470 1760 2700 3360 1570* 2680 4120 
7044 325 370 445 2050 3200 3800 se S ae fk 


* Average of four tests. 


DISCUSSION. 


C. M. CuapmMan.—This investigation was undertaken, I believe, at the 
instigation of certain contractors who felt that the recommendations of 
the Joint Committee were impractical of operation on the job, that the 
newly proposed method of specifying concrete, not by giving definite pro- 
portions for the mix—but by stating the strength of the concrete which 
must be secured,—could not be satisfactorily worked out on the job. 

To ascertain the practicability of the new method this investigation 
was undertaken. It would be interesting to know whether or not the 
investigation resulted in convincing the contractors that the method is 
workable. This paper gives the result from the technical side, but what 
did the contractors think of it? If they were to submit a report to us, 
what would it be? , 


Stanton WaLkerR.—We have studiously avoided that question. 


J. G. AHLERS.—It was not up to us. We are reporting facts. In my 
personal opinion, I feel just as strongly about that as I did three years 
ago. It is not a contractor’s function to specify what shall be done, and 
that is not the purpose of this report. We have only made conclusions 
based on facts. I believe the Joint Committee is gathering a lot of these 
facts. We will let things carry on on that. 

A study of the proportions and materials carried out in the light of 
knowledge now available will enable the engineer to estimate within 20 
per cent of the average strength of the concrete when made in accordance 
with the general practices followed on these jobs. My personal opinion 
is that it will be very difficult to get contractors’ organizations, time- 
keepers and others, to take the time and concentrated effort to control the 
concrete properly. ‘This is the function of some organization outside of 
that of the contractors. For a firm to guarantee the strength of concrete 
in a structure would be utter folly, I would never and I do not believe 
other contractors would sign a contract that might make them tear the 
whole building down if certain specimens were not up to the strength 
guaranteed. I feel, furthermore, that we are making much better con- 
crete than we are usually given credit for; therefore I do not believe the 
engineers should worry much about the guarantee. 


A. N. Tatspor.—lI would like to ask a question. Reference is made 
here in the conclusions to certain relations. Were other mixtures experi- 
mented with than the particular ones named in the text? 

STANTON WaALKER.—No other mixtures than the ones reported in the 
paper were experimented with during the investigation carried out in co- 
operation with the group of New York contractors. During the Camden 
investigation, however, which will be mentioned later during this session, 
tests were made using concrete of a wide range in cement content and 
proportions of sand to pebbles. 
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Pror, Tatpor.—First, I want to say something in commendation of 
this investigation as a method of learning whether concrete on the job 
can be controlled within limits that seem reasonable to give uniform 
strength. It seems to me that this is a very important report which has 
been given. It tells what is possible with the co-operation of the con- 
tractor and engineer or other organization. Whether such operations will 
cost too much or not, whether owners will be willing to pay the cost, or 
even whether it is necessary to have such an organization is another ques- 
tion. I shall not be surprised if we come to this control in spite of the 
fact that it may require more time and trouble on the part of the con- 
tractor. I want then personally to express my appreciation of this 
investigation. 

Now, having said that, I shall have to give the opinion that some 
of the conclusions noted do not seem to me to be borne out by the results 
of the investigation given in the paper. I wonder why the particular 
combinations of materials were used. I have not had a chance, since I 
received the paper, to look it over very carefully. I see that separate 
values of the fine and coarse aggregate are given for Job B and Job C. 
These convey some idea of the kind of material used. From tests made in 
various laboratories, it appears that a concrete with less coarse material 
in it and a larger proportion of sand, using the same total amount of 
cement, would give strengths that are fairly comparable with the value 
obtained with this particular mix, not very much different from it, espe- 
cially in the case of Job B. Such a mix would, it seems to me, be more 
workable on a job of reinforced-concrete work. I should think it would 
have been advisable to make tests to see if another mixture could not be 
placed more easily, to see if less water could not have been used with 
the same degree of workability. There is a further matter connected 
with these strength tests. The specimens were, of course, made by the 
standard method of making test specimens. With a coarse mix (one 
having a large proportion of coarse aggregate), there is a good deal of 
tamping done in getting the concrete into the mold. If, instead of using 
the standard method, a method had been used similar to that by which 
the concrete is put into the forms, throwing it in with a limited amount 
of tamping, the strength of the coarse mix would have been smaller pro- 
portionately than that found with a finer mix. I do not know what it 
would be with the particular mix used, but with a similar amount of 
coarse material the strength of the concrete placed as it is ordinarily 
put in work might for the coarser mixture be only 65 or 70 per cent of 
the strength obtained by the standard method of making the test pieces, 
while for the finer mixture it would much more nearly reach that of the 
standard laboratory test specimens. 

As to the conclusions, J judge that some of these are not conclusions 
of the research, that they are rather the judgment of the authors. I 
refer, for example, to No. 5, “The fineness modulus of an accurate yard- 
stick for measuring the grading of aggregate for the purpose of determin- 
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ing the economical proportions of fine to coarse.” I cannot agree that 
has been proved by this paper. I should expect that economical propor- 
tions, granting there is not too much difference in the cost of the sand 
and gravel, might vary largely from that used. Also No. 6, “the maximum 
permissible values of fineness modulus given in Table 3, Bulletin 1 of the 
Structural Materials Research Laboratory may be satisfactorily applied 
to building construction.” It may be granted that “these values of 
fineness modulus produce concrete that works somewhat more harshly 
than that to which the mechanics are accustomed, and in certain cases 
a campaign of education may be desirable before the maximum values of 
Table 3 are used. Reduction of these maximum values by 0.25 produces 
concrete which is easily worked into the forms in building construction.” 
That, as I understand it, is merely a question of the practicability of 
using such a mixture, and not one of whether it is the best or most eco- 
nomical mixture. “Concrete designed under the conditions encountered 
in this investigation gave strengths weil above the value in the Joint 
Committee tables of proportions.” If what is referred to are the tables 
of proportions given in the report of the Joint Committee for sands 
from zero to 28, zero to 8, etc., I do not see anything in this investigation 
that shows whether those proportions are generally applicable. It may 
be that the tables are applicable in the two cases, Job B and Job C, though 
in looking at the table, it does not so appear. In referring to the Joint 
Committee tables of proportions, as I said in this convention two years 
ago, it seems to me that these tables, in various parts at least, are not 
fully reliable, and it would be unfortunate if such tables were put out 
as representing the strengths of such mixtures, particularly if specifica- 
tions were to be based upon them. I am sorry to make these remarks on 
these conclusions, but I do it not because I am always a heretic but 
because I doubt some of the things that have been said over and over 
again and I fear that unless doubt is thrown on them some may come 
to think that they are generally true. 

Mr. WALKER.—Professor Talbot feels that a more easily handled 
concrete would have been obtained if a greater proportion of sand had 
been used. On none of the five jobs investigated was the sand content low 
enough to produce concrete that was not satisfactorily workable. Even on 
the jobs on which “Ready-Mix” was used only occasional batches were suf- 
ficiently deficient in sand to make them at all harsh working. 

Professor Talbot has suggested that it would have been advisable 
to have made tests to determine the most economical proportions of fine 
to coarse aggregate, taking into account the ease of placing the different 
concretes. It is unfortunate that we were not able to follow up, with 
tests, the numerous sidelights that the investigation suggested. However, 
the chief object of the investigation was to determine the strength and 
uniformity of concrete placed under job conditions, and in the limited 
time at our disposal it was not possible to do much work aside from our 
outlined procedure. Also, we went on each job with the understanding 
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that we would in no way interfere with the usual operations, and it 
would have been impossible to have carried out work of the nature sug- 
gested without in some measure overstepping this condition. However, 
as stated above, as I look back on this work I do not see that any impor- 
tant gain in workability could have been obtained by increasing the pro- 
portion of sand. 

We arrived at the conclusion that “The fineness modulus is an 
accurate “yardstick” for measuring the grading of aggregate for the pur- 
pose of determining the economical proportions of fine to coarse,” and 
that “The maximum permissible values of fineness modulus given in. 
Table 3, Bulletin 1, of the Structural Materials Research Laboratory may 
be satisfactorily applied to building construction,” etc., from the fact 
that we were able to estimate, from calculations based on the fineness 
modulus, the proportions containing the minimum quantity of sand to 
produce satisfactorily workable concrete. Barring wide differences in the 
cost of fine and coarse aggregates, it seems that further demonstration is 
not needed to conclude that this is the most economical mix. 

Our conclusion No. 7 is poorly worded and needs revision. It reads: 
“Concrete designed under. the conditions encountered in this investigation 
gave strengths well above the values in the Joint Committee Tables of 
Proportions.” It should read, “Concrete designed under the conditions en- 
countered in this investigation gave strengths well above the values com- 
puted on the same basis as the Joint Committee Tables of Proportions.” 

The rewording alone, I think, answers Professor Talbot’s question. 
In other words, if the strength of the concrete tested in this investigation 
is estimated from the same basis as the strengths in the Joint Committee 
Tables of Proportions we arrive at the above conclusion. As stated in the 
paper the Joint Committee Tables were based on the water-ratio-strength- 
relation of 

14000 


g” 
where S = compressive strength in lb. per sq. in. at 28 days, 
x2 = water-ratio; ratio of volume of water to volume 
of cement (an exponent) 


In general, the average strengths could be more closely estimated 
from a similar equation, which gives somewhat higher values of strength 
‘for a given water-ratio. This equation is: 


_ 14000 
o— 
Of 


The first equation could be generally depended upon to give a close 
approximation to the minimum strengths. 

PROFESSOR TALBOT.—May I say one word more, for fear I may be mis- 
understood in my remarks concerning the strengths of specimens as made 
by standard laboratory practice? I did not refer to whether the speci- 
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mens were representative of the absolute strengths of the concrete in the 


work. I had in mind that this method of making specimens does not 


give a real comparison of the strength of the coarse mix as it would be 
put into the work and that of the finer mix as it would be put into the 
work. 

I would like to say also that it seems to me another conclusion ought 
to be added, that one cause of the uniformity of results that was obtained 
was the knowledge and the judgment of Mr. Walker and others who had 
the work in charge, even more than the particular means or the methods 
that were used for determining the mixtures. Their supervision, their 
judgment, their knowledge of the materials were, it seems to me, very im- 
portant in getting the results. 

H. C. Boyprn.—May I offer a suggestion with regard to Professor 
Talbot’s discussion, in which he comments on the fact that the average 
results of tests show uniformly higher than the values that would be 
expected by the use of the Joint Committee table? As this statement has 
been made in a number of cases in different parts of the country, it 
appears to me that the facts regarding this should be emphasized. The 
Joint Committee table and Bulletin No. 9 of the Structural Materials 
Research Laboratory are based on the equation S equals 14000 over ‘9*, 
in which # is the water-cement ratio. With a ratio of 1.00 this would 
mean a value for 8 of 1555 lb. In Bulletin No. 1 of the Structural Ma- 
terials Research Laboratory the equation used is, 8 equals 14000 ever 72, 
giving a value for S, with the same water cement ratio, of 2000 Ib., or an 
increase of 28.6 per cent. This means that the actual average results 
will be found much closer in accordance with the curve S equals 14000 
over 72, as given in Bulletin No. 1, which is an average curve. With 
these facts realized, it may be that new understanding of the test results 
may be had and that the Joint Committee table and Bulletin No. 9 may 
be used with a greater accuracy. 
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CONTROL OF CONCRETE FOR THE UNIVERSITY OF ILLINOIS 
STADIUM. 


By W. A. SLATER * AND R. L. Brown.* 


The Structwre-—The Illinois Memorial Football Stadium at Urbana- 
Champaign, Illinois, is a structure in which the footings, the ramps, the 
treads and risers carrying the seats, and some of the columns are of con- 
crete. The framework and columns carrying the treads and risers for the 
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FIG. 1—GENERAL PLAN OF STRUCTURE. 


main stand and the balconies are of structural steel, and the walls above 
‘the basement of the ramp towers are of brick. The base course, trim, and 
memorial columns are of Bedford limestone. 

The plans provide for a U-shaped structure when complete. Only the 
portions forming the sides of the U are now under contract, and these 


* Urbana, Ill. 
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portions have a seating capacity of about 57,000 spectators. The general 
plan of the structure is as shown in Fig. 1. } 

Tt will be seen from this figure that the concrete was distributed over 
an area whose width is 348 ft., and whose length is 813 ft. The concrete 
materials were distributed to the site over spurs from the Illinois Central 
Railroad as shown in Fig. 1. 

The structure was placed under contract in 1922, and most of the 
footings and substructure walls were built in the fall and winter of 1922-23. 

The steel work and also the concrete of the superstructure for all of 
the seat stands and the two north ramp towers were erected and placed 
during the spring, summer and fall of 1923. The concrete of the two 
south ramp towers and considerable of the brick-and-stone work remain 
yet to be placed. Holabird & Roche of Chicago are the architects and 
engineers. English Brothers of Champaign, Ill., are the general con- 
tractors. M. B. Augur is the superintendent for the architects. Mr. Slater 
served as owners’ representative on the concrete work, beginning about 
April 1, 1923. Mr. Brown carried out the preliminary laboratory studies 
of the concrete under the general oversight of Mr. Slater. He also assisted 
in the making of the control specimens and tests in the field and directed 
the testing of the cylinders for strength. The University of Illinois con- 
tributed a considerable part of Mr. Brown’s time on this work and the 
laboratory facilities for making the tests. 


Materials and Equipment.—Universal portland cement tested by the 
Robert W. Hunt Co., crushed limestone from the Lehigh Stone Co., of 
Kankakee, Illinois, and sand from the Lincoln Sand and Gravel Co., of 
Lincoln, Illinois, have been used throughout the work. The cement was 
furnished in cloth bags and was stored in wooden buildings, one near each 
mixing plant. Considerable of this cement was not used until it was four 
or five months old and a small quantity of it was close to a year old 
before it was used. Laboratory tests on concrete made from cement near 
the surface of the bag which appeared to have been damaged by moisture, 
gave a strength about the same as when undamaged cement from the center 
of the bag was used. 

Frequent sieve analyses were made of the crushed stone used as coarse 
aggregate. Although under the specifications any aggregate having more 
than 5 per cent passing a 4-mesh sieve could have been rejected, this right 
was not exercised unless the material finer than a No. 48 (Tyler) sieve 
exceeded about 3 per cent. 

Occasional sieve analyses and colorimetric tests (See A. S. T. M. Speci- 
fication C-40-22 adopted in 1922) were made on the sand. It was quite 
uniform in gradation and gave no color within 24 hours in the colorimetric 
test. Tables 1 and 2 give representative sieve analyses of the sand and 
the crushed stone. For the superstructure a concrete mixer of one-half 
cubic yard capacity was placed approximately at each of the four corners 
of the structure as shown in Fig. 1. Three of the mixers were of Koehring 
manufacture. These mixers were equipped with water tanks which auto- 
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matically measured the water to added in the mixer. The measuring device 
on two of them were calibrated and the results of the calibration are given 
in Fig. 2. The agreement between the curves for the two mixers shown in 
this figure is sufficiently good to warrant the belief that the water was 
measured quite accurately. 

For the outlying portions of the work smaller portable mixers were 
used. 


TABLE 1.—Sreve ANALYSIS OF SAND. 


Per Cent Passing Sieve No.* 


Sample No. 
4 (0.185) 8 (0.093) 14 (0.046) 28 (0.023) | 48 (0.0116) | 100 (0.0058) 
DR SASS SR SOS OS AEES 95.4 83.8 68 .4 48.2 11.8 1.8 
Diese osmaanet 92.6 79.6 63.8 43.0 8.3 tei 
De eS See ae 95.4 78.5 59.7 40.0 13.2 2.7 
29 erctelesveite sessttgseree 97.9 87.9 75.3 58.8 17.1 2.9 
WAP Reonvie th setioe nace 99.7 92.8 76.5 58.6 23 .0 4.3 
Average........- 96.2 84.5 68.7 49.7 14.5 2.7 
* Numbers in parentheses are sizes of sieve openings in inches. 
TABLE 2.—SiEvVE ANALYSES OF STONE. 
Per cent Passing Sieve No.* 
Sample No. 
34 in. Yin. 3 in. 4 (0.185) 14 (0.046) | 48 (0.0116) 
ya ee AO eae een 86.5 37.3 11.6 4.2 2.3 1.8 
DRA Roker cpthesese ieee 86.4 49.8 18.0 13.2 4.0 2.9 
DNA eee Sera ees 97.5 66.8 35.7 14.5 4.5 3.3 
Donon ase Maree 84.8 39.4 14.0 5.5 2.9 2.3 
uae ee te ettait ata as 90.5 38.5 12.5 4.9 2.8 2.4 
So eevonttari a) Serine ancisie tas 98 .2 59.3 24.7 8.4 3.9 3.2 
BT inaerataisofee thicer edhe - 97.3 bi 33 17.9 5.2 3.3 2.9 
DO fara acciatonsoldenapsh erate 91.3 47.2 15.9 3.5 2.3 2.1 
62S eeWcvnelejsias eines 90.3 44.1 16.4 4.1 2.9 2.5 
Average......... 91.4 48.9 18. ted oe 2.6 


* Numbers in parentheses are sizes of sieve openings in inches. 


The materials were measured in wheelbarrows. Occasionally the meas- 
urement was verified by filling a wheelbarrow to the proper height using 
measuring boxes of known capacity. 

Measurements of the hoppers used on the industrial track to carry 
concrete from the mixer gave the volumes of the hoppers when filled to 
various heights. Measurements of the depth of the concrete below the top 
of the hopper were made for frequent batches and this furnished a check 
on the measurement of materials and on the yield of concrete per barrel 
of cement, 
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The concrete of the main stand was poured in three lifts. The first 
lift was the portion between the running track and the expansion joint at 
line B, Fig. 1. The second lift was the portion between the expansion 
joints marked B and C, and the third lift was from expansion joint C to 
the top of the main stand. 

For pouring the first lift industrial tracks extended from the mixer 
to the upper line of that lift and from there parallel to the line B marked 
expansion joint. In pouring any section the concrete was brought in one- 
half cubic yard hoppers to the upper part of the section in question and 
from there was chuted to the desired position in the section. For the 
two upper lifts the industrial tracks extended along the line C and the 
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FIG. 2.—CALIBRATION CURVE FOR WATER-MEASURING DEVICES. 


chutes from that line to the place of deposit of the concrete. For deposit- 
ing the middle lift the maximum length of chute was a little more than 
100 ft. The slope of the chutes was approximately one vertical to three 
horizontal. 

The balcony was poured all in one lift. Here the slope was approxi- 
mately one vertical to one and two-thirds horizontal. This gave chutes 
nearly a hundred feet long. The very first concrete to come down the 
clean steel chutes in pouring the balcony segregated, but after the first 
half of the first batch of each pouring, no further segregation took place. 


Design of Concrete—The specifications call for 1: 2: 4 conerete, and 
presumably the design was based on strength of 2,000 lb.-per sq. in. for the 
concrete. It was agreed in advance of pouring the seats, however, that if 
experimental studies indicated that changes in the proportions were neces- 
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sary, in order to produce the desired strength, density, or workability, 
such changes would be made and the contractor would be reimbursed for 
any excess of cement required. A considerable number of specimens were 
made in the concrete laboratory of the University of Illinois Engineering 
Ixperiment Station using different proportions, different coarse aggregates, 
and different maximum sizes of coarse aggregate. An experimental section 
of the seat stand also was built to determine whether concrete of the pro- 
portions arrived at could be placed satisfactorily. Batches of 4.5 cu. ft. 
of concrete of a number of the mixes used in the laboratory were tried out. 
A 1: 2.5: 3.33 mix by loose volume with a maximum size of coarse aggre- 
gate of %-in. was thus arrived at. This is approximately the same mix 
as was arrived at by the method proposed by Committee C-6 in this year’s 
report. As delivered the coarse aggregate ran somewhat larger than 5 in. 


TaBLE 3.—COMPARISON OF CEMENT REQUIREMENTS OF Two CONCRETES. 


Barrels Cement per cu. yd. Concrete. 
Batch No. 
1:2:4 1: 2.5:3.33 
LO a eee en Varces fay PA crea hens, sep pene Wl eho 1.50 1.50 
Ps 55d SAB Re ye Ress a SRR eE RT AR Tans OSE ciot Riles ea ede eas teense 1.52 1.49 
Son a: Ra Bn ae Soro Se R RCs eckine Me eo ces See een ey, Sen NE ee ante 1.48 1.50 
SE Ee UT a noes, 2p oats Renee em RAISES ore or eco 1.49 1,50 
Dbcieae SH Maes Seca eet enor ee eee eee, Ge SRaeeee 1.46 1.46 
FAW CLA GO Mam etm Ban Nanticys oe aL is Ney ch cic nr OA ec ch cee mates a 1.49 1.49 


The water-cement ratio for the laboratory batches which formed the 
basis for the mix finally used was 1.15 and the average slump was 7.5 in. 
The strength at 7 days for these specimens averaged 1545 lb. per sq. in. 

After this mix had been in use for sometime a test was made to de- 
termine the amount of cement per cubic yard for both this concrete and 
the 1: 2: 4 conerete specified. In determining the cement per cubic yard 
of conerete the aggregates were measured loose with measuring boxes. The 
water was measured with the automatic device previously mentioned. 
Three bags of cement were used in each batch. The volume of concrete 
per batch was determined by measuring the depth to the surface of the 
concrete in the hopper. Five consecutive batches of one-half cubic yard 
each gave the quantity of cement shown in Table 3. It will be seen that 
no greater amount of cement was required for the 1: 2.5: 3.33 than for the 
1: 2: 4 concrete. 


Inspection and Control Tests—During the placing of concrete in the 
seat stands an inspector from the architect’s office was detailed to each 
side of the structure. When concreting was in progress on one side the 
inspector for the other side was free to inspect the placing of steel and 
the construction of forms. In addition to this the owner’s representative 
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and the architect’s superintendent had general supervision of all concreting 
operations. ‘The inspectors reported to the architect’s superintendent. 
Specimens for strength tests were 6 x 12-in. cylinders. These were taken 
at intervals throughout the work, sometimes not more than two a day, 
and at other times as many as eight in a day. These specimens were 
generally taken from the end of the chute just as the concrete arrived at 
the place where it was to be used in the forms. The entire flow of the 
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FIG. 3.—VERIFICATION OF INUNDATION METHOD OF DETERMINING 
MOISTURE IN SAND. 


chute was collected for a length of time sufficient to fill the sampling 
bucket. In a few cases the concrete was taken from the forms. In gen- 
eral a slump test was made from the concrete so selected and then a 
cylinder was made from the same concrete. Six by twelve-in. “Cilicon” 
paper molds manufactured by the Standard Concrete Apparatus Company, 
of Washington, D. C., were used. These molds are of heavy paper, heavily 
waxed, entirely impervious, and satisfactory as cylinder molds. 


Moisture in Sand.—The moisture in the sand was determined at fre- 
quent intervals by the inundation method. This method is based upon the 
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fact that if moist sand in a known quantity be poured into a vessel of 
known volume already containing water without entraining air voids the 
weight of the dry sand may be computed accurately from the specific 
gravity of the sand and the known volume of the water. Actually some 
air will be entrained* and this will introduce a slight error. If, however, 
for the specific gravity the apparent specific gravity of the sand and the 
included air voids be used the error will be eliminated so long as the pro- 
portion of air voids remains constant. A series of tests was carried out to 
verify the correctness of this method. Known weights of dry sand were 
moistened by adding known quantities of water and the moisture content 
was then determined by the inundation method. Fig. 3 shows the agree- 
ment between the known moisture content and that determined by the 
inundation method, Only the points for dry sand are considerably in error. 
This is attributed to the fact that the apparent specific gravity, 2.62, was 


Vo, 
/0 


iC, os ee ae Ee a 
OSE Wy Sse hale eae 
ici ea Ce Se 
CE SEAL IES A SEI aa A A 
Ed 


GS Al Ye GOES GO) XS eyfO YS AO. EP GF VWUO VAG 
Sly August Seo 


FEA COM OAD 
OF (0/s1tUT 


rig, 4.—DAILY MOISTURE DETERMINATIONS FOR SAND. 


obtained from inundation measurements of moist sand, whereas dry sand is 
likely to entrain considerably more air voids than wet sand. A difference 
of a little more than 1 per cent of air voids for the dry and the moist 
sand tests would account for the error found in Vig. 3. Apparently the 
method is satisfactory for more than 1 per cent of moisture. When less 
than 1 per cent of moisture is present it can be used by moistening the 
test sample after weighing and before inundating. Its advantage over the 
drying and weighing of the sand is the fact that with the inundation 
method the moisture content of the sand may be known in a few minutes 
after taking the sample. Fig. 4 gives the percentages of moisture for a 
considerable period during the summer of 1923. The sand appeared to 
hold about 5 per cent of moisture for a considerable length of time. The 
occasional increases in moisture content shown in that figure correspond 
in a general way to the rainy weather. Differences in position in the pile 
from which the sample was taken, also may help to account for the varia- 
tion in moisture. 


* Smith and Slater ‘“Inundation Methods for Measurements of Sand in 
Making Concrete.” Fig. 6, p. 231, Proc. A. C. I., v. 19. 
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Slump and Diameter of Slump Specimens.—Slump tests were made 
upon the specimens taken for compressive strength. Since, as the work 
progressed, little relation could be seen between the measured slump and 
the compressive strength, measurements of the diameter of the slump speci- 
mens were taken after the slump had been measured. 
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The slump and 
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FIG. 5—DAILY SLUMPS AND DIAMETERS OF SLUMP SPECIMENS. 


FIG. 6.—SLUMP TEST; CYLINDER 130. 
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7.—SLUMP TEST; CYLINDER 252. 


FIG. 8.—SLUMP TEST; CYLINDER 255. 
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sibs measurements as taken day after day are shown in Fig. 5. Figs. 

, 7, and 8 give views which show considerable range in slump. Fig. 6 
es a specimen in which there was a very large proportion of fine 
material in the crushed stone. Such concrete gave the appearance of fat- 
ness, but required a considerable quantity of water to give it, workability. 
There was no direct evidence that its strength was deficient. The water- 
Cment ratio for the specimen shown in Fig. 6 was 1.04 (excluding moisture 
in coarse aggregate) and the strength was 2065 lb. per sq. in. The speci- 
men shown in Figs. 7 and 8 did not have the excess fine material in the 
coarse aggregate. Their water-cement ratios are not known, but were 
probably about 1.1, the value for other specimens taken on the same day. 
Their strengths were 2930 and 2065 Ib. per sq. in. ; 
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FIG. 9.—DAILY DETERMINATIONS OF WATER-CEMENT RATIO. 


Water-Cement Ratio.—It was not possible to determine exactly the 
water-cement ratios for the field concrete. The readings of the water regu- 
lator on the mixer gave fairly accurate indication of the amount of water 
added, but the amount of moisture in the stone was unknown and the 
moisture in the sand was determined at relatively few positions in the pile. 
However, since a variation of 1 per cent of moisture content of the sand 
caused a variation of the water-content ratio of only .034, the error intro- 
duced by using the values from Fig. 4 in working out the water-cement 
ratio must be small. For days on which the moisture content of the sand 
was not determined it was taken as 5 per cent. The moisture in the 
crushed stone was assumed to be necessary for wetting the aggregate and 
satisfying the absorption requirements. It was, therefore, neglected in 
computing the water-content ratios given in Fig. 9 and used in Fig. 10. 
On some. days sufficient data for a satisfactory estimate of the water- 


cement ratio were not available. 


Strength of Concrete-—Each strength shown in Fig. 10 and 11 is the 
average for all the specimens of its particular kind that were made on the 


day indicated. On some days only two specimens were made and on 
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others as many as four or six of one kind. The cumulative daily averages 
are the averages of the daily averages up to the time in question. They 
do not indicate the trend of results except for the first few specimens, 
because after, say, 100 days the effect of one day’s specimens falling as 
much as 50 per cent below the average up to that time would be to reduce 
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the average by only half of 1 per cent. However, in any strength specifica- 
tion a permissible lower limit of average strength would probably be set 
and it seems ‘worth while to show the average strength at all times. 

As cool weather and the date for the first use of the stadium ap- 
proached some of the specimens were left where they were made until the 
time for testing in order to obtain an idea of the strength of the concrete 
in the structure. The strengths of these specimens are shown in Fig. 10. 
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The average of these strengths was 15 per cent less than that for similar 
specimens stored in the moist room. This difference may have been due 
partly to too rapid drying out, but probably was due mostly to the lower 
storage temperature for the specimens stored out-doors. 
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FIG. 12.—RELATION BETWEEN SLUMP AND 28-DAY STRENGTHS FOR 1: 2.5: 3.33 
CONCRETE STORED IN MOIST ROOM. 
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FIG. 13.—RELATION BETWEEN DIAMETER OF SLUMP SPECIMENS AND STRENGTH. 
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The strengths as ordinates with slumps as abscissas are given in Vig. 
12 for 1: 2.5: 3.33 conerete. There is a slight indication of greater strength 
with low than with high slump, but this impression is given by about four 
high strengths while all the rest indicate no relation at all. For the points 
shown as solid circles the corresponding diameters were not measured. 
With this exception the slumps in Fig. 12 and the diameters in Fig. 13 
were measured on the same specimens. Fig. 13 indicates that the strength 
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“was somewhat more distinctly related to the diameter than to the slump 
of the specimen. 

Fig. 14 gives the relation between the water-cement ratio and the 
strength of 1: 2.5: 3.33 concrete. The points plotted are generally the 
average of from 2 to 4 specimens taken on the same day. 
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iG. 14,—-RELATION BETWEEN WATER-CEMENT RATIO AND 28-DAY COMPRESSIVE 
STRENGTH OF 1: 2.5: 3.38 CONCRETE STORED IN MOIST ROOM. 


There is danger that this diagram may be misleading since the water- 
cement ratio appears as the only variable affecting the strength. The 
variations in water-cement ratio are largely accidental, and possibly not 
much greater proportionally than the variations in the proportions of 
cement, sand and stone. : 

In Fig. 15 and 16 are given the compressive strength curves for the 
1: 2.5: 3.33 and the 1: 2: 4 concretes. That is, the strengths for individual 
cylinders are arranged in the order of their magnitude. These curves give 
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TABLE 4.—AVERAGE STRENGTH AND UNIFORMITY OF STRENGTH OF CONCRETE. 


Percentage of All Specimens. 
‘ oe Be rena Haves 7 
Mix a. Storage. pend >| Below Above {80 per cent a pees 
sd. in, |80 per cent/120 percent and CtINN CAGES 
* lof Average.jof Average.|120 percent i 
of Average. 
1:2:4 7 | Moist room..... 1100 25 20 55 55-140 
1:2:4 28 | Moistroom..... 1550 12 17 71 40-140 
1:2.5 7 | Moist room..... 1350 11 14 75 40-140 
1:2.5 28 | Moist room..... 2400 11 12 hdl 55-135 
25 2B MNODK: acre eae 2050 10 12 78 65-145 
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FIG. 15.—PROGRESSIVE STRENGTH CURVE FOR |: 2.5: 3.33 CONCRETE, 
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some information on the uniformity of the strength. The values given in 
Table 4 taken from Fig. 15 and 16 show that for the 1: 2.5: 3.33 concrete 
a larger proportion of the strengths lay between 80 and 120 per cent of 
the average than for the 1: 2:4 concrete. The specimens stored on the 
job showed up as well for uniformity of strength as those stored in the 
moist room. 
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SUMMARY. 


. - . : 
1. The water measuring device on the mixers used were found to 
show quite accurately the amount of water added to the batch. 


2. The inundation method of determining moisture in the sand was 
found to be quite reliable. It is believed that this method can be adapted 
also to the measurement of moisture in the coarse aggregate. The method 
lias the advantage of giving the information needed regarding the moisture 
content so quickly that it may be used in determining the amount of water 
to be added in the mixer. 


2 


3. Laboratory and field studies showed that a concrete having con- 
siderably more sand than that necessary to give the maximum density of 
the concrete was required in order to secure a sufficient degree of work- 
ability. 


4. It was difficult to see much relation between the strengths and the 
measured slumps. The relation between the strengths and the diameters 
of the slump specimens was only slightly more distinct. All the errors 
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involved in manipulation and observation are included in the slump, diame- 
ter, and strengths recorded and a less consistent relatiow should be ex- 
pected than in cases where the slump is deliberately varied. 


5. The water-cement ratio determined on the basis of the moisture in 
the sand plus the water added in the mixer and neglecting the moisture in 
the stone varied between 0.97 and 1.24; the average was approximately 
2. 


6. The average strength of the 1: 2.5: 3.33 concrete was somewhat 
higher than might have been expected on the basis of the average water- 
cement ratio. The strength at seven days for this concrete was approxi- 
mately one-half that at twenty-eight days. 

The average strength of the 1: 2:4 concrete was slightly less than 
might be expected from the average water-cement ratio. Its strength at 
seven days was approximately two-thirds of that at twenty-eight days. 

The specimens stored on the job gave an average strength about 15 per 
cent lower than that of the same kind of concrete stored in a moist room. 
Most of the field stored test specimens were made in September and October. 


7. The indication from these tests is that it is entirely feasible with 
ordinary methods of concreting to secure concrete of a strength not less 
than that aimed at in design. 


APPENDIX: INUNDATION METHOD OF MAKING MOISTURE 
DETERMINATIONS. 


The equation which forms the basis of moisture determination by the 


inundation method is: 
\ 


y= AW. +V—A 


Ww 
__° where (1) 


W = total weight in grams. 

W , = weight in grams of aggregate exclusive of contained moisture. 
V =volume of container in cubic centimeters. 

A =volume of air. voids in cubic centimeters. 

g = specific gravity of aggregate. 

From eq. 1. 

(V-A) W-V (1-r) 

Gi eedel/oe. 

Where r is the ratio of volume of air voids to total volume V. 


Let m—ratio of weight of moisture in aggregate to weight of aggre- 
gate exclusive of moisture. 


ie —W— (2) 


Lew weight of aggregate plus the inundated moisture, that is, 
the original weight of the moist sample. 


418 UNIVERSITY OF ILLINOIS STADIUM. 


From (2) 
Win wits (14/9) W,, 
WwW, W-V (Tr) 
Ww (1-1/9) W,, 


 — fi eee (4) 
fienis W-V (1-r) 
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FIG. 17.—DIAGRAM FOR DETERMINATION OF MOISTURE RATIO IN SAND AND 
STONE; WEIGHT OF SAND SAMPLE 4536 G. (10 LB.) ; WEIGHT OF 
STONE SAMPLE 3000 G. (661 LB.). 


It will be seen from this equation than an exact determination of the 
moisture ratio requires a knowledge of the percentage of air voids. Expe- 
rience indicates, however, that the error due to neglecting the air voids 
can be practically eliminated by using for g the apparent specific gravity 
of the aggregate with its entrained air. This is done by using equation 
(4) for the determination of g where in W,,, W and V are known and r is 
neglected. If the percentage of air voids were always the same this method 
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would be exact, and only when there are considerable variations in the 
percentage of air voids will an appreciable error be introduced. This is 
illustrated in Fig. 17. The data of that figure were obtained by using for 
g the average apparent specific gravity from equation (4) when the mois- 
ture ratios were 0.0167, 0.0334, and 0.0667. When dry sand was tested it 
seems that enough air voids were introduced to give an apparent moisture 
content of about 1 per cent. 

The inundation method of determining moisture content of the sand 
has been used regularly on the stadium job. It is now being used for the 
stone, but has not been very fully verified. In operation it is possible to 
simplify the work greatly by using a fixed weight W.,2 of the sample of 
moist aggregate. 

For the determinations a container having a capacity of 2824 ce. 
(.0997 cu. ft.) and weighing 5130 g. is used. A 4536g. (10 lb.) sample 
of moist sand and a 300 g. (6.61 lb.) sample of crushed stone is used. The 
specific gravity of the sand was found to be 2.62 and that of the crushed 
stone 2.73. The curves given in Fig. 17 are graphs of equation (4) with 
the proper values for g and W_ inserted. In actual operation the weight 
of the container and the weight of a plate-glass cover are added to the 
ordinates in order to avoid the necessity of computing the net weight for 
each determination. The use of the plate-glass cover provides a convenient 
means to insure the filling of the container exactly full and to avoid the 
spilling of water in handling the full container. The weights of the origi- 
nal sample and of the container full of sand and water are the only experi- 
mental data needed for a moisture determination. By using samples of 
standardized weight the moisture may be read from a diagram such as that 
given in Fig. 17 with accuracy sufficient for practical work. 


FIELD TESTS OF CONCRETE USED ON CONSTRUCTION WORK. 


By W. A. Suater*, Director of Tests 
and 
Sranton WALKER}, Resident Testing Engineer. 


Introduction.—The following is an abstract of a report which is under 
preparation on two series of tests of “field” concrete. 

The tests were undertaken for the purpose of establishing a means for 
introducing into practice some of the improvements in the technique of 
concrete-making which recent researches have indicated to be desirable. In 
planning the investigations a program of tests was first outlined by the 
Joint Committee on Standard Specifications for Concrete and Reinforced- 
concrete and, later, modifications were made as a result of conferences with 
the General Committee of Contractors. As stated in the program thus 
agreed upon, the immediate purpose of the tests was to test “the prac- 
ticability of the recommendations of the Joint Committee on Standard 
Specifications for Concrete and Reinforced-concrete for securing the com- 
pressive strength desired in concrete produced under field conditions.” 

The organizations which participated in both the planning and execu- 
tion of the tests were: 


Joint Committee on Standard Specifications for Concrete 
and Reinforced-concrete, 

Bureau of Standards, 

Portland Cement Association. 


The principal expenses of the investigations were borne by the General 
Committee of Contractors and the Portland Cement Association. For 
valuable co-operation in carrying out the tests, acknowledgment is made 
to the following organizations and to members of their staffs who partici- 
pated in the work: 


(1) Stone & Webster, Inc., 

(2) Municipal Testing Laboratory of Philadelphia, 
(3) Pennsylvania State Highway Department, 

(4) Victor Talking Machine Co., 

(5) Central Railroad of New Jersey. 

(6) Henry Steers, Inc., 
(7) Columbia University. 


Site and Plant.—The first series of tests was carried out during the 
erection of an eight-story, reinforced building at Camden, N. J., for the 
Victor Talking Machine Co. This building is a flat slab structure about 


*Engineer-Physicist, Bureau of Standards. 
yAssociate Engineer, Structural Materials Research Laboratory. 
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425 ft. in length, from 70 to 90 ft. in width and 8 stories in height. The 
construction involved the placing of about 12,000 cu. yd. of concrete. There 
were two concrete plants; an east and a west plant. Practically all the 
specimens were taken from the east plant. Stone & Webster, Inc., were 
the engineers and contractors. The concrete was raised by means of hoist- 
ing towers to the working level and dumped into hoppers from which it 
was wheeled in buggies to the place of deposit. 

The second series of tests was carried out during the construction of 
piers for a bridge on the Central Railroad of New Jersey across Newark 
Bay between Bayonne and Elizabeth, N. J. Henry Steers, Inc., was the 
contractor. At Newark Bay the concrete from which the test specimens 
were taken went into the piers. The piers are of two sizes, 43 and 47 ft. 
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FIG. 1.—DAILY AVERAGE COMPRESSIVE STRENGTH. 


long respectively, and both are 22% ft. wide at the bottom. The height 
was about 50 to 55 ft., and each pier, including the caisson bottom, used 
about 750 cu. yd. of concrete. The concrete was distributed by means of 
a tower, a system of chutes and a vertical spout. On account of the fact 
that the piers are in sea-water, concrete of a high grade was necessary. 

Outline of Tests—The Camden tests were divided into six series, each 
with a specific purpose in view. The following gives a brief summary of 
each series as outlined, together with comments concerning variations from 
the outlined procedure. The program for the Newark Bay tests was essen- 
tially similar to that for the Camden tests. 

Serics 1 had for its purpose the determination of the range of con- 
sistency to be expected throughout the work as determined by slump test. 
Hourly slump and flow tests were made throughout the progress of the 
job for the concrete produced by the east mixer plant. 
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Series 2 was designed to show the range in strength of concrete to he 
expected throughout the job. Three 6 x 12-in. concrete cylinders were made 
for each hour of concreting from the east mixer plant, for test at 28 days. 
For about 25 per cent of the batches sampled 6 specimens were made from 
each batch to be tested one at 7 days, one at 3 months, one at 1 year, 
and 3 at 28 days. 

Series 3 was designed to show the relation of strength of field speci- 
mens to the strength of the concrete in the structure. For this purpose 
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FIG. 2.—PROGRESSIVE STRENGTIL CURVES FOR TEST CYLINDERS. 


nine concrete slabs were cast from each of which nine cores 4% in. in 
diameter were cut at about 28 days to be tested, 3 at 28 days, 3 at 3 
months, and 3 at 1 year. 

Two test columns each 10 ft. long were made; one was 12 in. in 
diameter and one was 12 in. square. Four cylinders were sawed from the 
round column and four prisms from the square column for test at 28 days. 

In Series 4 batches were mixed to show the variation in concrete 
strength for different proportions of sand and pebbles. These batches used 
aggregates in which the sand was 50, 40, 35, 30 and 25 per cent respec- 
tively. Parallel tests were made using small batches mixed by hand in the 
field laboratory. 

Series 5 was a comparison of the strength of field-made test specimens 
with that of similar specimens made in the Laboratory. In general, 
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batches were made in the field for 4 and 8-in. slumps for 1: 3: 6, 1: 2: 4, 
1:1%:38 and 1:1: 2 mixes. Samples of the job materials were shipped 
to the U. S. Bureau of Standards, for the purpose of duplicating these 
proportions and slumps in the Laboratory. 

Series 6 is omitted from this abstract. 

Series 7 was carried out to furnish a comparison of the concrete-mak- 
ing qualities of the different lots of the cements used on the job. Samples 
taken weekly, were shipped to the Bureau of Standards for standard 
cement tests and for test in 1: 2: 4 concrete at 7 days, 28 days, 3 months 
and 1 year, using a standardized mixture of fine and coarse aggregates. 

Materials and Proportions——For the Camden job the concrete was 
mixed in batches of approximately 1 cu. yd. The mixes were nominally 
1:2: 4 and 1: 1:2. For these mixes respectively 6 and 11 bags of cement 
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VIG. 3.—COMPRESSIVE STRENGTH PLOTTED AGAINST WATER CEMENT RATIO. 


per batch were used. Identical quantities of aggregate were used in the 
two classes of concrete. Two brands of portland cement, Pennsylvania and 
Phoenix, were used. For most of the work Pennsylvania cement was used 
in the east plant. The aggregates were washed sand and washed pebbles 
from the plant of the De Frain Sand and Gravel Co. 

For the Newark Bay job the concrete was mixed in batches of about 
1 cu. yd. in a mixer located on a large scow. The nominal mixes were 
1-2.4-3.6 and 1-2-3 and 5 and 6 bags of cement per batch respectively, were 
used. The aggregates were washed sand and washed pebbles from the 
plant of Henry Steers, Inc., near Northport, Long Island. 

General Procedure for Testing.—The test methods generally were in 
accordance with, recommendations of the American Society for Testing 
Materials. 

Sampling Concrete—At Camden samples of concrete were taken by 
filling simultaneously with the filling of the buggy, a sheet-iron box placed 
in a buggy and extending its full length. The final sample consisted of a 
mixture of two such samples from each batch. 
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At Newark Bay the concrete was shoveled from the hoisting bucket 
after it had received half of the batch from the mixer. To facilitate the 
sampling the flow from the mixer was stopped during the taking of the 
sample. Sufficient concrete was shoveled for 6 or 12 cylinders. 

Measurement of Workability—As a measurement of workability of 
the concrete both the slump and the flow tests were used. The slump test 
was made in accordance with the tentative specifications D62-20T%, of the 
American Society for Testing Materials adopted by the Joint Committee as 
a standard. 
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FIG. 4.—COMPARISON OF COMPRESSIVE STRENGTH OF CORES AND GYLINDERS. 


The flow test was made using a flow table furnished by the U. S. 
Bureau of Public Roads.j The increase in the base diameter, expressed 
as a percentage of the original diameter is reported as the flow. 

The 6 x 12-in. test cylinders were made near the place of deposit of the 
concrete and were stored temporarily in damp sand in the field laboratory. 
After a period varying from four days to three weeks they were removed 


*A later tentative specification, D-138-20T provides that the slump test shall 
be made 3 minutes after molding the specimen. The former method was used 
and seems preferable. 

7For details of this flow-table see ‘“Inundation Methods for Measurement of 
Sand in Making Concrete,” by G. A. Smith and W. A. Slater, Proc. A. C. L., 
vol, xix, (1923) p:7227. 


Taste 1.—Tersts or 1:2:4 ConcrETE aT CAMDEN. 


Compression tests of 6 x 12-in. cylinders made in field. 


Aggregate: Sand and pebbles from De Frain Sand and Gravel Co,, Philadelphia. 


Age at test, 28 days. 
Samples from 6-sack batch of about 1 cu. yd. 


Cylinders removed from molds and stored in damp sand indoors after 24 hours. 


Specimens cured in damp sand; tested damp. 


; al * 

5s ; d ni Compressive Strength, Mean 

Batch | B® | water | oll, [stump, | Me** | Cone, Rae + Mi 
No. | (1993) | Ratio | Ratio | ™- cent | |b. ea ee 

cu. ft. 
(1) (2) (3) | Average} cent 
la 4-25 ate Si 8.5 148 2040 | 2230 | 2 ¢ 
: : 2 22, 2120 2130 

ze ee olalee Ries 8.6 147 1700 | 1470 | 15380 1570 ey 
ee —26 Io risks 8.0 144 1690 | 1850 | 1870 1800 4.2 
ae Ls Aah Aare eh 143 | 2120 | 1800 | 2080 | 2000 | 6.6 
ee 4-26 ethos Pe ae 8.0 146 1920 | 1880 | 1780 1860 2.8 
a 4-27 ee ee TA 144 2110 | 1960 | 2090 2050 3.7 
7a 5-2 0.87 0.96 8.5 90 146 2420 | 2260 | 2270 2320 3 0 
8a 5-2 0.87 0.86 9.5 100 149 1950 | 1900 | 1810 1890 2.5 
Oe 5-3 0.92 0.97 10.0 130 147 2260 | 2190 | 2340 2260 13 
AD Pee 5.3 0.92 0.91 8.0 80 148 2490 | 2560 | 2540 2530 1.0 
Ide. 5-4 0.80 0.88 7.5 80 148 2780 | 2830 | 2850 2820 0 9 
18d... 5-4 0.82 0.86 5.0 65 149 2290 | 2220 | 2270 2260 1.1 
19b. 5-4 0.90 0.96 7.0 95 147 1770 | 1930 | 1820 1840 3 2 
21d. 5-5 0.92 0.99 9.5 120 146 3150 | 3440 | 3320 3300 3.1 
226. 5-5 0.93 0.95 8.5 100 147 1980 | 2240 | 2240 2150 5.6 
230. 5-8 0.96 0.91 7.5 70 149 2230 | 2230 | 2150 2200 1.6 
24d. 5-8 1.01 1.01 8.0 70 146 1860 | 1850 | 1880 1860 0.5 
25b. 5-9 1.08 1.01 8.5 90 147 1630 | 1770 | 1920 1770 4.3 
27b. 5-11 0.95 0.91 8.8 100 149 3200 | 3080 | 3060 3110 1.9 
29f . 5-11 0.91 eves 7.0 55 150 4300 | 4080 | 4220 4200 Pye | 
306 4 5-11 0.91 0.94 7.5 70 148 2420 | 2430 | 2470 2440 0.8 
Sis Ane. 5-15 1.01 0.90 6.0 20 151 3090 | 2900 | 2620 2870 5.7 
32 5-15 0.93 0.96 7.5 80 148 2780 | 2720 | 2610 2700 23 
34¢ 5-15 0.95 0.98 6.5 50 147 3600 | 3760 | 3580 3650 21 
OD ket 5-15 0.94 1.05 6.5 30 145 2560 | 2610 | 2480 2550 2.0 
BO ks 5-15 0.94 1.08 7.0 40 144 2860 | 2970 | 2910 2910 1 3 
ie 5-17 1.00 1.15 8.8 115 143 2180 | 1960 | 2040 2060 3.9 
As Seen 5-18 1.00 1.13 7S 105 144 2430 | 2360 | 2530 2440 2 6 
BS: Wares 5-18 1.00 0.93 8.0 105 149 2480 | 2120 | 2170 2260 5.1 
44..... 5-18 1.20 1.01 5.8 50 150 2420 | 2530 | 2320 2420 2.9 
47 5-21 if 43 1.08 7.5 85 147 2250 | 2300 | 2550 2370 5.2 
HA Seed 5-21 1.08 1.13 6.8 70 145 1760 | 1730 | 1800 1760 1.3 
[sy re 5-26 1.07 1.03 6.8 148 2220 | 2370 | 2280 2290 2.3 
54.5.2} 5-29 1.02 1.01 7.3 90 147 2040 | 2000 | 2140 2060 2.6 
5D. re 5-29 1.13 0.98 8.0 100 149 2220 | 2210 | 2240 2220 0 5 
iy ieee 6-1 1.04 1.06 7.5 90 146 1900 | 1910 | 1980 1930 1.7 
BO tc53 6-1 1.04 1,06 6.2 65 145 2320 | 2520 | 2290 2380 4.1 
60.. 6-1 1.02 1.06 6.8 70 146 2130 | 2240 | 2130 2180 By 
61g. 6-1 1.05 1.05 6.2 75 146 2020 | 2100 | 2150 2090 2.2 
62)2.8 6-2 1.15 1.09 7.3 78 147 1780 | 1920 } 1850 1850 2.5 
Wee ates 6-2 1.10 1.02 4.0 40 148 2110 | 2450 | 2290 2280 5.1 
73h. 6-8 1.05 Tea Oh 8.8 95 144 2920 | 2700 | 3020 2880 4.2 
WSS Ae 6-9 ist? 1.16 7.5 85 144 2180 ; 1990 | 2140 2100 Sal. 
fas eee 6-9 1.22 1.22 7.0 70 143 1730 | 1970 | 1870 1860 4.5 
deceea 6-9 1.08 1.03 6.0 70 146 1910 | 1880 | 1830 1870 1.6 
837. 6-18 1.05 1.01 ee: 105 145 2410 | 2600 | 2260.| 2420 4.8 
SE Bee 6-18 1.02 1.01 7.2 105 146 2380 | 2310 | 2450 2380 2.0 
850 nak 6-18 1.01 0.91 6.8 80 150 2160 | 2180 | 2230 2190 1.2 
SOFieae 6-18 0.99 0.98 8.0 110 148 1930 | 2060 | 1940 1980 2.9 
Siieuar 6-18 1.11 1.07 6.5 90 146 2190 | 2310 | 2370 2290 2.9 
903 6-20 1.22 1.05 9.5 150 146 1190 |°1140].... 1160 2.2 
9D taravaus 6-20 1.08 1.05 7.8 108 147 1910 | 1830 | 1670 1600 5.0 
94 eS 6-20 1.07 1.04 8.0 110 148 1870 | 2140 | 2080 2030 5.3 
ee ran 6-20 1.03 1.05 8.5 130 146 1700 | 1650 | 1660 1670 1.2 
97k.. 6-21 1.07 1.16 8.0 125 144 1830 | 1850 | 1760 1820 1.5 
VOLE 6-29 i i lg 1.20 8.0 120 143 1970 | 2140 | 2100 2070 3.2 
1 Phare ae 7-11 1.01 1.06 6.0 38 146 1960 | 2010 | 1770 1910 5.1 
1 eg 7-13 LAT 1,11 5.7 70 147 1660 | 1780 | 1770 1740 2.9 
D22eeer 7-13 1.14 0.98 8.2 105 150 1510 | 1430 | 1640 1530 5.0 
1s ae 7-13 1.14 1.07 fee 100 147 1520 | 1470 | 1440 1480 2.0 
i bid eee 7-13 1.19 hr 7.5 93 5 a 1350 | 1320 |... 1340 ia 
P22 or ote 7-13 1.32 1.14 ed. 90 147 1940 | 1840 | 1860 1880 2.1 
Le cis 7-13 1.05 1.08 6.5 60 147 2230 | 2220 | 2340 2260 2.5 
Average. |... ..0=* 1.03 1.02 7.5 85 147 2190 2.9 


a 1 bag of hydrated lime to 6 bags of cement. 

b Additional sand and pebbles added to measured quantity. 
c Probably first 1:2:4 batch after a run of 1:1:2 concrete. 
d First 1:2:4 batch following a run of 1:1:2 concrete. 

e Additional sand. 

f Sweepings from platform added. 

g Slightly more than average amount of sand. 

h Usual batch. 

i 7-bag batch. : 

j Excess of sand, dirty aggregate, scrapings from dock. 

k More than average amount of sand; concrete appeared dirty. 
1 Duplicate specimens made of Stone and Webster. 
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to the Testing Laboratory and again stored in damp sand, where they 
remained until they were tested. 

Tests of Aggregate—In general the samples of sand and gravel for 
moisture determinations and sieve analyses were taken as the materials 
were discharged from the overhead bins into the mixer hopper. The sieves 


TaBLE 2.—Tursts oF 1:1:2 Concrete AT CAMDEN. 


Compression tests of 6 x 12-in. cylinders made in field. 
Specimens cured in damp sand until test; tested damp. 
Age at test, 28 days. 

Samples from 11-sack batch of about 1 cu. yd. 


oh Compressive Strength, Mean 

Date Void Flow, Weightot Ib. per sq. in. Varia- 

Batch | Made | Water | Cement | Slump, per Concrete, tion, 
No. (1923) | Ratio | Ratio 21M cent ie a per 


(1) | (@) | (8) | Average} cent 


5-3 0.54 0.52 9.0 80 146 4610 | 3540 | 3710 | 3950 | 10.7 
5-4 0.57 0.79 9.0 100 149 4820 | 4220 | 4749 | 4590 5.4 
5-4 0.53 0.50 8.0 85 151 5190 | 5240 | 5200 | 5210 0.4 
5-4 0.54 0.60 9.0 85 145 4980 | 4770 | 4330 | 4690 5.2 
5-4 0.58 0.53 8.0 100 151 4900 | 4700 | 5060 4890 2.5 
5-4 0.51 0.57 We 85 151 ‘ | 3610 | 3940 | 3840 | 3800 3.3 
5-5 0.60 0.61 9.0 90 147 3520 | 3740 | 3610 | 3620 2.1 
5-9 0.60 0.62 | 10.0 110 147 4030 | 3500 | 4050 | 3860 6.2 
5-11 0.52 0.60 8.0 90 151 4420 | 4450 | 4450 | 4450 0.3 
5-15 0.55 0.53 8.0 68 149 4940 | 4650 | 4680 | 4760 2.6 
tee 0.45 0.53 7.5 50 145 4250 | 4090 | 4160 | 4170 1.4 
5-15 0.50 0.61 8.5 100 147 4840 | 4510 | 4760 | 4700 2.8 
5-17 0.60 0.69 9.5 110 145 3960 | 4190 | 4280 | 4140 3.0 
5-18 0.67 0.65 7.8 90 147 3520 | 3730 | 3940 | 3730 sels) 
5.18 0.64 0.58 8.0 105 151 4000 | 3740 | 4080 3940 3.4 
5-21 0.65 0.65 9.0 110 147 4370 | 4500 | 4460 | 4440 et 
5-29 0.60 0.60 8.5 90 149 4250 | 4080 | 4460 4260 31 
5-29 0.50 0.60 8.5 138 149 2980 | 3120 | 3360 | 3150 4.4 
6-1 0.61 0.69 8.0 85 144 3310 | 3100 | 3040 | 3150 3.4 
6-1 0.63 0.68 (es) 75 145 3920 | 3940 | 4100 | 3990 1.9 
6-9 0.74 0.76 7.0 80 146 3390 | 3230 | 3160 | 3260 2.6 
6-9 0.75 0.65 9.5 130 147 3460 | 3300 | 3560 | 3440 2.1 
6-9 0.74 0.69 8.5 115 149 3200 | 3340 3270 2.1 
6-20 0.75 0.63 6.8 65 148 3300 | 3260 | 3380 | 3310 1.3 
6-20 0.66 0.65 (fee) 65 147 3360 | 3400 | 3410 | 3390 0.6 
6-29 0.82 0.77 9.0 120 146 3180 | 3290 | 2960] 3140 3.9 
7-13 0.81 0.76 9.0 108 147 2640 | 2360 | 2440 | 2480 4.3 
Average.|........ 0.62 0.63 8.4 94 148 Sirona eres eee 3910 3.1 


a Small amount of sand, not measured, added to measured quantity. 
b Additional sand and pebbles added to measured quantity. 
c 12 sacks of cement in batch. 

d Additional sand. 

e Additional sand and pebbles. 

f 14 sacks of cement in batch. 

g About half of usual amount of sand and pebbles. 

h 29 days old. 

t 10 sacks of cement in batch. 

j 9 sacks of cement in hatch. 

k Special batch for effect of quantity of cement 


specified by the American Society for Testing Materials were used in mak- 
ing the sieve analyses (C41-22). 

The moisture content was found by determining the loss of weight on 
drying of the sample used for sieve analyses. 

Uniformity of Strengths.—The strengths on which the study of uni- 
formity is based are given in Tables 1 and 2 for the Camden tests and in 
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TasLEe 3.—Compression Tests oF 1:2.4:3.6 Concrere at NewarKk Bay. 


Compression tests of 6 by 12-in. cylinders made in field. 

Aggregate: Sand and pebbles from near Northport, Long Island; furnished by Henry Steers, Inc. Port- 
land cement was used. 

Mix, 1:6 damp and loose, separated volumes (5-bag batches). 

Cylinders removed from molds and stored in damp sand indoors after about 24 hours. 

Samples selected at mixer from 1 cu. yd. batch. 

Specimens cured in damp sand until test; tested damp. 


Compressive Strength, lb. per sq. in. 


vee 

Date Void low, ———— SS ]_ Jaton 
Bateh| yy Water Slump, } of Strength, 
edie nate Co ae ee 28 Days pet ae 


() | @ | @) [Aver] a) | @ | @) Aver] pays Dos 


1} LO=190 1) 3. cn 7 1.5 | 25 |} 1950} 1820) 1850] 1870) 3045) 2490) 2170) 2570] 2.7 |12.4 
ZN AO=19 ee. 3556 3.2 | 40 | 2260) 2580) 1900) 2250) 3035) 3030] 3135] 3065/10.2 | 1.5 
Sm OS 19 --.. | 3.0 | 25 | 2320) 2030} 2280) 2210) 3090} 2875) 3150} 3040) 5.4 | 3.6 
4 | 10-19 | 0.75 | 0.84 | 3.2 | 40 | 2240) 2250] 2100) 2200} 3165} 3015) 3070} 3085] 2.9 | 1.8 
5 | 10-20 | 0.79 | 0.80 | 5.0 | 30 | 2390} 2480} 2560] 2480] 3160] 2730] 3090} 2990] 2.3 | 5.9 
Gait O=20 |) tee. --.- | 3.0 | 20 | 2000] 1950} 1880} 1940} 2540} 2480] 2450) 2460) 2.2 | 1.5 
7 | 10-22 | 0.59} 0.72 | 3.8 | 40 | 2510) 2730] 2900} 2710] 4000} 3970} 3500} 3820] 5.1 { 5.7 
8 | 10-22 | 0.66) 0.66 | 5.5 | 50 | 1440) 2020) 2300) 1920) 2270) 2720) 2720) 2570)16.7 | 7.8 
9} 10-22 | 0.66 | 0.78} 2.0} 10 | 2420) 3180} 2870} 2820] 3160) 3520) 2910] 3200) 9.6 | 6.8 
10 | 10-31 | 0.69 | 0.80} 1.8} 20 | 1940} 1760} 1860} 1850) 4020} 3430} 2680) 3380] 3.4 |13.7 
11 | 10-81 | 0.69 | 0.80 | 2.0 | 20 | 1680} 1530] 1990) 1730) 2990) 3240) 3520) 3250] 9.8 | 5.5 
12 | 11-2 | 0.69} 0.76 | 0.0 | 05 | 2440) 2590) 2520) 2520) 4420) 4020) 3700) 4050] 2.0 | 6.2 
13 | 11-5 | 0.69] 0.84] 3.0} 20 730| 630} 600) 650} 1780) 1640] 1580} 1670] 7.7 | 4.6 
14 | 11-7 | 0.69 | 0.76} 2.8 | 20 | 1145) 1100) 1685) 1310] 2100] 2040) 1840) 1990)19.1 | 5.2 
15 | 11-7 | 0.69} 0.84] 2.0 | 20 | 1585} 2120) 1195) 1630) 2360) 3080) 2410) 2620]19.8 }11.8 
16 | 11-7 | 0.69 | 0.72 | 1.5 | 15 | 1700} 1930] 1885) 1835) 2680) 2500) 2660] 2610) 5.1 | 3.0 
19 | 11-14 | 0.90} 0.84] 2.5] 17 | 1670} 1820] 1820} 1770) 2520} 2600) 2580] 2570] 3.8 | 1.2 
20 | 11-14 | 0.90 | 0.96 | 5.0 | 25 | 1780} 2120} 1950} 1950] 2200) 2100} 1990) 2100) 5.8 | 3.3 
21 | 11-14 | 0.82 | 0.84 | 1.8 | 17 | 2510} 2560} 2530} 2530} 2720) 3100} 2460) 2760) 0.7 | 8.2 
22 | 11-14 | 0.87 | 0.86 | 6.0 | 60 | 2110} 1820) 1780} 1900} 2620) 2560} 2600) 2590) 7.2 | 0.9 
23 | 11-15 | 0.89 | 0.90 ... | 20 | 1810} 2260) 2060) 2040] 3000] 3010] 2640) 2880) 7.7 | 5.7 
24 | 11-15 | 0.87] 0.80 | 3.0 | 27 | 2260] 2350} 2010) 2210) 3260} 3420) 3270} 3320) 5.9 | 2.1 
25 | 11-15 | 0.87 | 0.88 | 6.0 | 40 | 1930} 1980) 1760} 1890} 2690) 2960} 2360) 2670) 4.6 | 7.8 
26 | 11-16 | 0.82 | 0.94] 1.5 | 15 | 1880] 1680} 1660) 1740} 2900} 3150] 3380} 3140] 5.3 | 5.2 
27 | 11-16 | 0.83 | 0.84 | 4.5 | 17 | 1560] 1566; 1490) 1540} 3280] 3220] 3100} 3200) 2.0 | 2.1 
28 | 11-16] 0.83 | 0.88 | 4.5 | 20 | 2060] 1880] 1710] 1880) 3150} 2790} 2990) 2980) 6.2 |, 4.3 
32 | 11-19 | 0.78] 0.90] 3 1 Nb ja dcehl| cxnall crane} onsiol ceil | cinco) fegeedht acacia lector | ect 
33 | 11-19 |] 0.78 | 0.84) 2 17.5 308 Foal feos 
34 | 11-19] 0.78 | 0.72] 2.8 | 15 Ret ia| hada ae nae |)eee 
37 | 11-20 beer 6 30 3180} 3460) 2700) 3100] ....] 8.5 
38 | 11-20 | 0.82} 0.70|] 7 35 ....| 3140} 3370) 3160} 3220) ....| 3.0 
39 | 11-20 ee Salil (| Seuss haedelee ae cots) | Rao Ieee al [ecb canl lneotea| be perl hae nal laae 
40 | 11-21] 0.80] 0.82] 2.5 | 17.5] 1920} 1830) 1970} 1910} 2340) 3580) 3630) 3180] 2.6 |17.7 
41 | 11-22 | 0.80] 0.86} 4.5 | 37.5} 1720} 1600} 1480} 1600} 2860) 3260) 3100) 3070] 5.0 | 4.7 
42 | 11-22]0.85] 0.88] 7 40 | 1540} 1550} 1400} 1500] 3270) 2510} 2800) 2860) 4.2 | 9.5 
43 | 11-22] 0.84) 0.94] 7 45 | 1430} 1580] 1490} 1500) 2980} 3070) 2990] 3010} 3.5 | 1.2 
44 | 11-26 | 0.86] 0.78 | 5.5 | 20 | 1790} 1660} 1610} 1690} 2560) 2880) 2720) 2720) 4.1 | 3.9 
45 | 11-27 | 0.69 Ri te 3.2 | 25 | 1990] 2200} 2120) 2100] 3460} 3090) 3420; 3320) 3.7 | 4.7 
46 | 11-27] 0.71) 0.80] 3 25 | 1710] 1770] 1650} 1710} 2480} 3050) 2760) 2930] 2.3 | 3.9 
47 | 11-28 | 0.73 | 0.76] 3.5 | 15 | 1640] 1740] 1760) 1710} 3080} 3680} 3320) 3360) 2.9 | 6.3 
48 | 11-28] 0.79 | 0.84} 7.0 | 60 | 1870] 1580} 1590) 1680) 3580} 3290} 3070} 3310] 7.6 | 5.4 
49 | 12-1 | 0.80} 0.88] 4+ | 27.5] 1960] 2080) 1960) 2000) 3480} 2630] 3140) 3080) 2.6 | 9.8 
50 | 12-8 | 0.78 | 0.84] 3 20 | 2170) 2180] 2040} 2130] 3420} 3600] 3210} 3410) 2.8 | 3.9 
51 | 12-3 | 0.72 | 0.82] 3.7 | 17.5] 1920) 1900} 1920} 1910] 3550) 3070} 3690) 3440) 0.5 | 7.1 
52 | 12-3 | 0.77] 0.80 | 4 25 | 1910] 1940) 1750] 1870] 3180} 3200] 2950] 3110) 4.1 | 3.4 
53 | 12-6 | 0.73 | 0.76] 1.5 | 15 | 2120] 2380] 2080} 2190) 3650] 3950} 3840} 3810) 5.6 | 2.9 
54 | 12-6 | 0.80} 0.88] 5 30 | 1770] 1840] 1920] 1840] 3410] 2690} 3120) 3070) 2.7 | 8.4 
55 | 12-6 | 0.78] 0.88] 5 25 | 1750] 1820] 1840} 1800] 3350} 3280) 3770} 3470) 2.1 | 5.9 
56 | 12-6 | 0.78] 0.82) 5 42.5} 1870| 1860] 1710} 1810) 3280} 3450) 3270) 3330) 3.9 | 2.3 
57 | 12-7 | 0.76] 0.78] 5 32.5] 1970] 2080] 2250) 2100) 2790} 3540} 3270] 3200) 4.8 | 8.5 
58 | 12-7 | 0.81] 0.86] 3 20 | 2210] 2100} 2280) 2200) 3690} 3730} 3180] 3530) 2.9 | 6.7 
59 | 12-7 | 0.87] 0.88 | 6.5 | 30 | 2290] 2250] 2430} 2320) 3230) 3650} 3480) 3450) 3.0 | 4.3 
60 | 12-7 | 0.84} 0.84] 8 45 | 1750] 1780] 1800} 1780] 2740) 2910) 3320) 2990} 1.0 | 3.4 
61 | 12-7 | 0.838] 0.84} 4 17.5} 1520} 1350} 1470} 1450} 3570] 3400) 3290) 3420) 4.3 | 2.9 
62 | 12-8 | 0.88 | 0.78 | 3.5] 15 | 2160] 2010] 2460] 2210} 3540) 3290) 3300] 3380) 7.6 | 3.3 
63 | 12-8 | 0.85] 0.78] 6 45 | 1920} 1960] 1820} 1900} 3140) 3150) 3080) 3120] 2.8 | 9.6 
64 | 12-8 | 0.86] 0.82] 3 15 | 2220} 2040} 1910} 2060} 3380] 8090) 3330] 3270} 5.3 | 3.6 
65 | 12-10] 0.87] 0.78] 3 10 | 2390} 2370} 2320} 2360} 3930] 3710] 3950) 3860) 1.1 | 2.7 


oe be i ee 
* Taken from forms about 114 hours after depositing. 
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3 and 4 for the Newark Bay tests. Individual strengths are given in the 
order of increasing magnitude in ig. 2. 

For the Camden Tests the daily averages for the 1: 2: 4 concrete give 
a minimum strength of 1660 lb. per sq. in. and a maximum of 2880 Ib. 
These strengths respectively are 24 per cent below and 32 per cent above 
the average (2190 lb. per sq. in.) of all the strengths. For only 2 days’ 
work was the strength more than 20 per cent below the average and for 
3 days’ work was it more than 20 per cent above the average; or on only 
5 days did the tests give average strengths varying more than 20 per cent 
from the general average. 


TaBLE 3.—CompreEssion Tests or 1:2.4:3.6 Concrere ar Newark Bay 


(continued). 
Compressive Strength, lb. per sq. in. Mean 
Variation 
Date Void |, Flow, f Strength 
Batch} Made |Water | ement|Sump,| per ral 9 5 as 
No. (1923) Ratio} Ratio | m- | dent 7 Days 8 Days per Cene 
; 7 | 28 
(1) | (2) | (8) | Aver.] (1) | (2) | @) | Aver. Days] Days 
66 12-10 | 0.76} 0.72) 5 30 | 2290) 2120) 2160} 2190} 3830] 3220] 3810) 3620) 3.1 | 7.4 
67 12-10 | 0.78 | 0.78 | 2.5 | 10 | 2480] 2300] 2260] 2330} 4480) 3700] 3780] 3990] 2.9 | 8.3 
70 12-11 | 0.85 | 0.82 | 2 3 2350] 2310] 2490] 2390) 4800] 3350} 4240] 3960] 3.0 |10.4 
71 12-11 | 0.92 | 0.84] 3 15 | 2330] 2470) 1520] 2110] 3210] 3490} 2780) 3160)18.5 | 8.0 
72 12-11 | 0.78 | 0.82] 0.7} 5 | 2170] 1990) 1840] 2000) 3140} 2710] 2480) 2780} 5.6 | 8.8 
73 12-12 | 0.87 | 0.82 | 4.5 | 20 | 2690] 2440} 2230} 2450} 3390] 2670] 3170) 3080] 6.4 | 8.8 
74 12-12 | 0.88 0.80 2 15 2530] 2190} 2150} 2290] 3800) 3470) 3720) 3660] 7.0 | 3.6 
75 12-12 | 0.88 | 0.82 | 2.5 | 15 | 2950] 2510} 3130} 2860} 4970] 4160] 4570] 4570] 8.3 | 5.9 
76 12-12 | 0.88 | 0.82 | 4.5 | 25 | 2800] 2520] 2670} 2660} 3550] 3890] 3480] 3640] 3.8 | 4.6 
77 12-12 | 0.85 | 0.84] 4 20 1820} 1670} 1720) 1740] 2710] 2920] 2480} 2700] 3.3 | 5.6 
78 12-13 | 0.81 0.82 5 22.5} 2350} 2410) 2110] 2290] 3310} 3150} 3210} 3220} 5.2 | 1.8 
79 12-13 | 0.78 0.70 1.5 | 15 2230} 1990} 1980] 2070] 3760} 3540] 3210] 3500] 5.3 | 5.6 
83 12-20 |} 0.83 | 0.78 1.5 | 10 | 2520} 2770} 3090] 2790} 4050} 3600] 3680] 4110} 7.1 | 7.9 
84 12-20 | 0.78 | 0.70] 3.5 2350] 2290) 2390} 2340} 3910] 3990} 4570] 4160] 1.6 | 6.7 
85 12-20 | 0.78 | 0.70 1 10 | 2970} 3190} 2850) 3000} 3510) 4230] 4440} 4060] 4.1 | 9.2 
86 12-21 | 0.83 0.72 1.2 2.5) 1680) 1810) 1580] 1690] 3530} 3350] 3040] 3310) 4.7 | 5.4 
87 12-21 | 0.77 | 0.74) 2.2 | 15 1960} 1980] 1910} 1950) 3610] 3320] 3890] 3610] 1.4 | 5.5 
88 12-22 | 0.82 | 0.74 15 eo 1810} 1780] 1660} 1750) 3150] 3580) 3410} 3360] 3.4 | 4.3 
89 12-26 | 0.84 white 1.25) 5 1290})1350)"1200). 1310] 2. | Seen cece eevee en eo 
90 12-27 | 0.78 | 0.72 120) (ORS 1750} 1370] 1870} 1660] 3650) 3250] 3280} 3390}11.9 | 5.0 
91 12-27 | 0.78 | 0.76 | 2.0 | 10 | 2050} 2010} 1840} 1970} 3390] 3360] 1750] 2830) 4.2 126.0 
92 12-28 | 0.68 | 0.74] 2.0] 5 | 2180} 2110} 2330] 2210] 3230} 3110] 3070] 3140] 3.8 | 2.0 
93 12-28 | 0.66 | 0.64 1.0 | 2.5] 2500} 2470} 2450) 2470] 3740) 3370] 3610} 3570] 0.7 | 3.8 
Average...... 0.79 | 0.79) 3:5 | 22.0 


The average strength of the 1: 1: 2 concrete (80 cylinders) at Camden 
was 3930 lb. per sq. in. at 28 days. The minimum daily average was 
2480 Ib. per sq. in., Fig. 1, and the maximum was 4640 lb. per sq. in. Only 
1 day’s work gave strengths more than 20 per cent below the average, and 
no day’s strength was more than 20 per cent above. An explanation for 
the lower strengths obtained for the latter part of the work is found in 
the fact that the quantity of cement. for the nominal 1: 1:2 mix was 
reduced approximately 10 per cent after about June 1. This change in 
cement content is indicated in Fig. 1. 
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Only 10 per cent of all specimens (both 1: 2:4 and 1: 1:2) tested at 
28 days gave strengths below 80 per cent of the average. Fig. 2 shows that 
only 5 per cent of the 1: 2: 4 specimens and none of the 1: 1: 2 specimens 
gave strengths below 80 per cent of the compressive strength used as the 
basis of the structural design. 

For the Newark Bay tests the nominal 1: 2.4: 3.6 mix was used 
throughout, except in the caisson bottom and in the top of the pier, which 
formed the bridge seat. The average strength at 28 days of the 228 con- 
erete cylinders of this mix was 3150 Ib. per sq. in. That at 7 days was 
2010 Ib. per sq. in. The minimum daily average for the 28-day tests was 


Tasie 4.— Compression Tests oF 1:2:3 Concrete at Newark Bay. 


Compression tests of 6 x 12-in. cylinders made in field. 

Aggregate: Sand and pebbles from near Northport, Long Island; furnished by Henry Steers, Inc. Port- 
land cement was used. 

Mix, 1:5 damp and loose, separated volumes (6-bag batches). 

Cylinders removed from molds and stored in damp sand indoors after about 24 hours. 

Samples selected at mixer from 1 cu. yd. batch. 

Specimens cured in damp sand until test; tested damp. 


Compressive Strength, lb. per sq. in. Mean 
Dat Void Fl olan 
ate ol ow, of Strengt! 
Batch] fade |Water | Cement|Slump 2 
: Soe per per cent 
No .| (1923) | Ratio} Ratio | in. | cent ue eRe 


(a) | @) | @) Aver} ay | @ | (3) [Aver-| nivel Devs 


17 1113 MONT | 0267 |v 20 2810] 2380) 2390] 2530] 3810] 3800} 3180} 3600] 7.5 | 7.7 
Ste Aes || Oeil) Ome20 td: Ol lens 2220} 2120] 2000} 2110) 3680) 3460] 3320] 3490] 3.6 | 3.7 
29 11-12 | 0.77 | 0.82 | 1.5 | 15 | 3410] 2810] 3330] 3190) 4600! 3840) 4390] 4280] 7.9 | 6.8 
30 11-19 | 0.77 | 0.80 | 4.5 | 30 | 2160} 2040] 2210} 2140] 3540] 3180] 2830] 3180] 2.9 | 7.5 
31 11-19 | 0.71 | 0.80 | 5.0 | 25 | 2860} 25101 2560} 2640} 4360) 3860] 3790] 4000] 5.4 | 5.9 
35 | 11-20 | 0.79 | 0.79} 6.0 | 13 | 2020} 2120) 2120] 2090) 3040} 3200} 3520} 3250] 2.1 | 5.4 
36 | 11-20 | 0.77} 0.77 | 6.0 | 12.5} 2480] 2440) 2520] 2480] 3750) 4130} 4120] 4000} 1.1 | 4.2 
68 | 12-10} 0.72} 0.70] 3.0 2450} 2360) 2310) 2370] 3750] 3850} 3820] 3810) 2.1 | 1.0 
69 | 12-10 | 0.70 | 0.67] 2.0 2340] 2800} 2860] 2670) 4180] 4730} 4350} 4420) 8.1 | 4.7 
80 | 12-13 | 0.68 | 0.60 | 6.0 | 25 | 1610} 1620] 1560} 1600] 2800} 2450} 2610) 2620) 1.4 | 4.6 
81 12-13 | 0.70 | 0.67 | 2.5 | 25 | 2910} 2530) 3870] 2770] 3650} 4030} 4870] 4180] 5.8 |10.9 
82 | 12-13 | 0.66] 0.68 | 5.5 | 27.5] 2810} 2730] 3000] 2850} 4120} 4460] 4000] 4190) 3.6 | 4 2 
94 | 12-28 | 0.57 | 0.62 | 2.5 | 10 | 2850] 3900} 3460} 3130} 4270} 4340} 4390] 4330) 6.9 | 1.0 
Average...... 0.72 | 0.72 3.9 | 20 2500 4100} 4.5 | 5.2 


1670 lb. per sq. in. and the maximum was 4110. Minimum and maximum 
daily average strengths for the 7-day tests were 1310, (the strength of 
650 Ib. per sq. in. for Nov. 5 in Fig. 1 was from 3-day tests) and 2710 Ib. 
per sq. in. respectively. These minimum strengths are for days on which 
only one batch was sampled. Here, as in the Camden tests, the variations 
in strength seem to be largely accidental. 

Water-Cement-Ratio and Strength.—For the Camden tests the average 
water-ratio for the 1: 2: 4 concrete was about 1.0 and for the 1: 1: 2 con- 
crete about 0.6. The moisture content of the sand ranged from about 3.6 
per cent to 7.9 per cent and that of the pebbles from about 0.5 to 4.8 per 
cent. In Fig. 3 the strength has been plotted against the water-ratio for 
both the 1:2: 4 and the 1: 1:2 concrete. The points are scattered, but 
the average curve shows a definite relation. Much of the variation in 
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strength shown on this diagram may be due to variation of other factors 
than the water-ratio, and the water-ratio itself may be in error. 
In Fig. 3 two curves have been drawn, one based on the equation 


14000 14000 


i= Wire and the other = 


» in which f, is the compressive 


strength at 28 days and * is the water-ratio (an exponent). It has been 
found generally that within the range of workable concrete the first equa- 
tion represents fairly well the average strengths to be expected. The 
second curve forms a part of the basis for the calculation of the propor- 
tions given in Appendix 16, of thé forthcoming Joint Committee Specifica- 
tions. It was the purpose in preparing those tables to indicate the least 
strengths which should be expected from the corresponding mixes. This 
purpose was fairly well realized in these tests. Only about 12 per cent of 
all of these strengths were below those indicated by the latter equation. 
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FIG. 5—COMPRESSIVE STRENGTHS OF SPECIMENS CUT FROM COLUMNS. 


Slump and Flow.—The slump and flow varied fairly consistently with 
each other. The indication is that the slump measured fairly accurately 
some property of the concrete, but that the strength was more or less inde- 
pendent of that property. Where all other factors than water and cement 
have been rigorously controlled a distinct relation has been found between 
strength and slump or flow. Therefore, if there is a marked variation in 
slump for which there is not a corresponding or a consistent variation in 
strength there must be a marked variation in some other factors which do 
not within themselves affect the strength. For example, the quantity of 
fine material in the aggregate may vary. 

The lack of relation between slump and strength seems to be no reason 
for abandoning the measurement of slump, but rather a reason for con- 
trolling more rigidly the measurement of water and aggregate so as to 
render less likely the occurrence of large and erratic variations of strength 
and workability. 
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Effect of Age on the Strength of Ooncrete——For the 1: 2: 4 concretes 
tested at Camden and at the Bureau of Standards the strengths at 7 days 
were about 1000 lb. per sq. in. and the strengths at 28 days and 3 months 
were approximately twice and three times as great. The 1: 1:2 concrete 
gave strengths at 7 days of about 2000 lb. per sq. in. and smaller propor- 
tionate increases in strength at later ages. 

A study of the 7 and 28-day strengths suggested a relation which 
might afford a basis for estimating the 28-day strength of concrete from 
the results of 7-day tests. The value of such information will be obvious. 
An examination of published test results showed a relation between the 
7-day and the 28-day strengths which is well represented by the equation 
fg =f+ 30 v f, in which f., is the 28-day strength and f is the 7-day 
strength. The data of the Camden and Newark Bay tests would not be 
sufficient basis for the derivation of this equation, but it represents their 
trend quite accurately. The equation was derived from consideration of a 
large number of tests of concrete having a wide range of mix, consistency, 
grading of aggregate, and inert powdered admixtures. 

Comparison of Strength of Field Oylinders with that of Concrete in 
Structures.—The strength of the cores drilled from the concrete slabs and 
of the 6 x 12-in. cylinders made from the same batches are shown in Fig. 4. 
At 28 days in the Camden tests and 3 months in the Newark Bay tests the 
cores gave, in general, about the same strengths as the companion cylinders. 
There was little difference in uniformity of strength in the three sets of 
specimens. At three months the cores made at Camden gave strengths 
about 14 per cent lower than those of the cylinders. This probably may be 
accounted for by the difference in curing conditions. The cores were cured 
in the air of the Laboratory. Those made at Camden were coated with 
paraffin. The cylinders were cured in damp sand until they were tested. 
Little difference can be seen between the two sizes of cores so far as their 
value for the Camden tests is concerned. In the Newark Bay tests where 
larger aggregates were used a greater difference might have been found if 
the smaller cores had been used. 

Data of the tests of cylinders and prisms sawed from the concrete 
columns are given in Fig. 5. The specimens sawed from the columns 
showed lower strengths than did the 6 x 12-in. cylinders made from the 
same batch. Fig. 5 shows the strength of the specimens cut from the 
bottom portion of the columns to be greater than that for those from the 
upper part. : 

Concluding Remarks.—The averages of the strengths found at Camden 
and Newark Bay were as great or greater than the strengths which the 
mixes used might be expected to yield. They were greater also than the 
strengths used as a basis of the design. The average strength for the 
Camden 1: 2: 4 concrete was greater also than the corresponding strength 
of laboratory concrete made from materials shipped from Camden to the 
Bureau of Standards. 
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Generally not over 10 per cent of the specimens of any mix gave 
strengths less than 80 per cent of the average strength. Laboratory tests 
do not usually show much greater uniformity. 

Therefore, insofar as general results may be predicted from these tests, 
they indicate that it is possible to meet requirements based upon the 
Tables of Proportions in the Joint Committee report or based upon average 
strengths shown by preliminary laboratory tests of specimens using mate- 
rials from the job under consideration. This assumes that a tolerance of 
about 10 per cent of the strengths ere below 80 per cent of -the average 
strength is satisfactory. 


DISCUSSION OF THE RESULTS OF TESTS OF JOB CONCRETE. 
By WALTER P. BLOECHER.* 


Since the convention of a year ago the center of interest in the re- 
search field of concrete has been transferred from the laboratory to the 
construction job. We have witnessed the tests by laboratory experts at 
Camden, at various operations in New York, at the Newark Bay Bridge, 
and at the University of Illinois Stadium; not to mention investigators at 
numerous other construction operations. The principles laboriously evolved 
have been applied to field practice, with a stronger and more uniform 
product as the goal. 

While the complete answer to the problem of better concrete is yet 
unknown, it is certain that the activities of the past year have contributed 
materially to that clarification which must precede the solution of every 
involved question. As one privileged to follow many of these field tests 
as a close witness, I venture to present in this brief outline some thoughts 
bearing on this subject. 


TESTING TECHNIQUE. 


A. Molded Cylinders—tI think I speak the mind of the average con- 
struction man when I say that his faith in concrete strength tests has in 
the past been largely lost by reason of the wide and unaccountable varia- 
tions in test results which he obtained. Considerable differences in test 
specimens taken from different batches could perhaps be understood; but 
when the three test cylinders from the same batch showed spreads as high 
as 40 or 50 per cent of the average, which became a common experience, 
it was but natural to consider the yardstick faulty. 

We can now say that a large part of this variation was due to an 
important variable which was not properly understood, and which appar- 
ently can be largely eliminated. I refer to the technique governing the 
testing operations. In Fig. 1 the mean deviation of the three cylinders 
from the batch average is computed for each batch tested; these values 
are then arranged in. the order of magnitude and plotted as percentages 
into a smooth curve. The Camden cylinders and cores are compared in 
this manner with similar results of job testing experienced on a typical 
1922-23 operation designated “B” at which no expert testing talent was 
available. It. happens this second operation was also in the Philadelphia 
district and the same materials were used as at Camden. The contrast is 
striking, the deviation from the batch average for the 1: 2:4 Camden 
cylinders is less than one-third that at Operation B; in other words, the 
testing technique at Camden was over three times as accurate as at Opera- 
tion B. Again as against a mean deviation for the entire series of 202 lb. 


*With Stone & Webster, Inc., Boston, Massachusetts. 
(438 ) 
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or 11 per cent, for this operation, we find the Camden tests gave only 
69 lb. or 3.19 per cent, while the mean deviation of the drilled cores 
averaged 152 Ib., or 6.6 per cent. The results obtained by testing experts 
at the Newark Bay drawbridge, called Operation A, is also shown, where 
the average deviation was 198 Ib. or 5.9 per cent. 

This improvement is mainly due to refined methods of testing; and 
the value of a properly made cylinder as a true measure of the material 
it represents is more certainly established. At Camden it was found, for 
instance, that the batch into which the sweepings from the cement plat- 


A STUDY OF THE ACCURACY OF TESTING TECHNIQUE 
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PER CENT OF NUMBER OF BATCHES TESTED 


form were added, responded instantly by showing higher strength; and 
that the first 1: 2:4 batch following a 1: 1:2 batch was invariably 
stronger by reason of the rich mortar retained in the mixer. Again, the 
day the gravel supply ran low and the storage area was scraped for aggre- 
gate gave the lowest tests of the series. 

Conerete is a sensitive material; and making tests of it is a science. 
The need for great refinement is apparent when we contemplate that a 
three-minute delay may change the slump test several inches; that a 
cylinder improperly capped may show a loss in strength upward of 50 per 
cent; that a change in the method of sampling may largely change the 
strength shown by the cylinder; or that one molded slightly out of plumb 
may show an improperly low strength, not to mention a host of other 
influences. 


Discussion oF Tests or Jos Concretn. . 435 


Our immediate problem is to codify the lessons learned in the art of 
testing so they may be available to the ordinary job organization. We can 
then expect to see intelligent strengths from every-day tests and confidence 
in the results on the part of the job organization, which should precede 
any important change in manufacturing methods. 


B. Drilled Cores vs. Molded Cylinders.—Nothing new seems to have 
been learned from the core specimens drilled at Camden, except that their 
strengths agreed quite closely with the corresponding molded specimens. 
In retrospect, it appears to the speaker that nothing new was to have 
been expected, for the reason that a properly made core specimen must 
give substantially the same strength as.a properly molded cylinder from 
the same batch, and can differ mainly in having the added variable of 
uncertain curing conditions. The curve on Diagram No. 1 indicates this 
added variable for cores in the wider departure from the average of 
individual cores from the same batch. Core specimens appear to be 
practicable in building work only in special situations, or to check the 
actual structure against apparently erroneous variations in cylinder tests. 
Mention might be made here of an actual experience where cylinder tests 
indicating strengths under 1000 lb. gave concern to the management, and 
cores, later cut from the same run of concrete showed strengths around 
3000 Ib. 


MANUFACTURING TECHNIQUE AND UNIFORMITY OF 
TEST RESULTS. 


The general problem under discussion has two aspects, first, the tech- 
nique of testing and, second, the technique of manufacture. The laboratory 
is responsible for the former, and the construction industry as a whole is 
responsible for the latter, except as it may permit itself to be governed by 
laboratory principles. In most of the experiments lately made, the testing 
technique was the principal new force introduced, and the technique of 
manufacture was not substantially changed from ordinary commercial prac- 
tice. We have discussed the accuracy of testing, and now pass on to the 
uniformity obtained from our manufacturing methods. 

When we come to examine the uniformity obtained at Camden from 
batch to batch, the results have shown nothing particularly new. Assum- 
ing, as we now may, that properly made cylinders are fair indices to the 
strength of the batch they represent, we still find extreme variations run- 
ning from 1160 lb. to 3200 Ib. between successive batches. On Diagram 
No. 3, the 28-day Camden tests have been superimposed on the results of 
a series of job tests presented to the 1923 convention. This method of 
analyzing the results consists in arranging them in the order of their 
strength and plotting the succeeding values into a smooth curve which can 
be called a progressive strength curve. 
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We find that while varying about as widely as most previous test 
results, the Camden strengths do lie in a higher zone. It happens that 
Curve D* gives results of concrete which was made two years previously 
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Curves A and Brepresent two hypothetical series of test 
results. Each series consists of 200 separate specimens, both series 
averaging 2000 lbs.per sq.in. Series B’ was selected to give a varia- 
tion twice as great as Series 


The series are plotted above in the form of a probability. 
curve, Each point represents the number of specimens eee 
$ 


within 200 lbs. increments in strength, that is; the number of resu 
between 1500 |bs. and 1099 Ibs. are plotted on the 100 lbs. ordinate; 
between 1700 Ibs. and 1899 Ibs. on the 1800 Ibs.ordinate, and so on. 


Below, the same results are plotted in the formofa progressive 
strength curve where each point represents an individual specimen, 
a\l being arranged in the order of magnitude. 


nr 
° 
°o 
°o 


= 
° 
oS 


°o 
co 


15 50 15 100 125 150 115 200 


SPECIMEN NUMBER - ARRANGED IN SEQUENCE OF STRENGTH 


Fic. 2 


by the same superintendent, the same concrete foreman and the same mixer 
as were on the job at Camden; and offers a basis for an indirect compari- 


son, 


*See 


We believe the improvement which the Camden tests show is due to 


Analysis of the Variables in Concrete from the Construction 


Standpoint,” 1923 Proce. Am. Cone. Inst. 
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two things; first, the superior aggregates available in the Philadelphia 
market, and, second, the superior testing talent at Camden. 

It is probable that all such variations as were found from batch to 
batch at Camden represent real differences in the quality of the material 
and that our finished product is really quite spotty. The problem les 
in finding the causes for these differences and applying practical remedies. 
It is my belief that many of these remedies lie beyond the contractor’s 
control, and that we should not lose sight of the responsibilities of the 
cement manufacturer, the aggregates dealer, the engineer, and the owner. 
It is difficult to see where any substantial change can be made by the con- 
tractor in his construction methods, except along three principal lines: 
(a) in the measurement of water (taking into account entrained water in 
aggregates), (b) in the measurement of aggregates, and (c) in curing. 
Even when these have been reduced to a certainty we must still expect 
considerable variation in the results. For instance, at the Newark Bay 
Bridge tests, where the mix was designed by experts and accurate water 
control and volumetric measuring devices were used, this same lack of 
uniformity was still present. Also at the Ward Baking Co. operation in 
New York, where the inundation method of sand and water measurement 
were used, no particular improvement in uniformity was obtained. 

In the upper part of Fig. 2 are given probability curves which outline 
two hypothetical series of cylinder test results. “A” gives a rather uniform 
series approaching closely to the grand average and “B” gives one having 
departures from the average twice as great as “A.” When these results are 
expanded to the form of the Progressive Strength curve, they take the 
shapes shown in the lower part of the figure. It is interesting and im- 
portant to note the close similarity between the shape of these hypothetical 
curves, and actual experiences obtained in job testing, as shown in Fig. 3. 
It strongly indicates that the variations experienced follow some law of 
probability. 

It has been found too that many factors affecting concrete strengths 
individually give variations throughout the life of a job which when 
plotted in the sequence of magnitude, also take the shape of the Progressive 
Strength curve. Cement strengths,* fineness moduli of sand and gravel,+ 
water content of sand,; impurities in aggregates, flow table} and slump 
tests + have been particularly noted. The variations in strength experienced 
can thus be explained as due to a large number of such factors which vary- 
ing slightly from batch to batch produce an infinite variety of combinations 
which give the wide range of results obtained. Good consistent results 
will come only with refinement in all operations, and must include the 
manufacturer of the cement, the aggregates dealer, the contractor, the 
engineer, and the U. S. Weather Bureau. 


*See paper, “An Analysis of the Variables in Concrete,’’ Proc. A. C. IL, 


7 See paper, ‘Field Tests of Concrete,” by Ahlers and Walker, Proc, A. C. L., 
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Parenthetically, I venture to state, as my personal Opinion, that it is 
about time we stopped thinking and began practicing the accurate measure- 
ment of our aggregates, either by volume corrected for moisture content, 
or by weight. Also, knowing how important curing is, it is not clear why 
the building contractor gives less attention to moist curing his building 
frame than the laboratory man gives to his cylinders, or the highway 
builder gives to his concrete pavement. 

The range in values when stated as “80 per cent of the specimens came 
within 20 per cent of the average” is a rather favorable statement of the 
facts. It means, for example, that four-fifths of the results ran from 


PivcE. 1.—CoMPaARISON OF UNIFoRMITY or Trst RESULTS ON VARIOUS 
CONSTRUCTION OPERATIONS. 


watt Straight Line Variations | Mean 
sen OTTO: (Extremes Omitted). Varia- 
tion 
from 
Job. Age. | Mix. Per Per | Grand 
Aver- | cent Aver-| cent | Aver- 
High. | Low. | age. |Spread] High. | Low. | age. |Spread] age, 
ofAv- of Ay-| per 
erage. erage. | cent. 
Trsts py Experts. 


Camden Cylinders. .... 28 1:2:4] 3200 | 1160 | 2150 | 90.5 | 2600 | 1650 | 2150 | 44.2 | 14.7 
Camden Cylinders..... 28 1:1:2} 5100 | 3000 | 4100 | 51.2 | 5050 | 3200 | 4100 | 45.1 | 13.0 
Camden Cores (444 

digs) Skea s 1-2 mo.} 1:2:4] 2900 | 1660 | 2350 | 52.8 | 2850 | 1800 | 2350 | 44.7 | 10.7 
Operation A-New 

LBOV Ree eles ees 28 1:2:4} 4980 | 1580 | 3200 |106 4000 | 2400 | 3200 | 50.0 | 10.8 
Tests py Jop TALENT. 
Operation 

B-Philadelphia...... 28 1:2:4]| 4270 770 | 1835 |190 2600 925 | 1810 | 92 
Operation D-Baltimore.| 28 | 1:2 


4 Sexe 
4] 2950 | 1102 | 1940 | 95 2650 | 1200 | 1925 | 75 21.4 
Operanon C-New York ; 


2700 | 1312 | 1797 | 77 2120 | 1400 | 1760 | 41 9.6 


City 
Young's Class B On- 


tario Power Develop- 
ADEN Geen Parkes. shee ets: « 28 eee) 29870] 1865 |) 2315: | 68 2800 | 1870 | 2335 | 40 14.4 


1600 Ib. to 2400 Ib., the other fifth being anywhere from 1160 lb. to 3200 Ib. 
The average deviation from the mean value for the entire series tends also 
to create too rosy a picture of the results. The speaker believes a better 
modulus of uniformity is to be found in expressing the slope of the pro- 
gressive strength curve as a function of the average strength. It is proper 
to omit the extremely low as well as the high results and confine ourselves 
to the straight line tendency. 

Table 1 gives such a comparison in statistical form between the uni- 
formity obtained at Camden and that obtained on jobs previously reported 
to the Institute.* It shows for example that the so-called straight-line 
variation obtained at Camden which was about 45 per cent, was equalled 


on several other previous operations. 


*See paper, “An Analysis of the Variables in Concrete,’ Proc. A. C., I., 
1923. 
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A PROPOSED TOLERANCE RULE. 


Tolerance rules so far proposed have been open to the serious objec- 
tion that one could never foretell whether one’s results were falling within 
the rule until all job testing was completed. A method by which we can 
know currently whether the results are falling within proper limits is sug- 
gested*as follows: Knowing the yardage in a proposed operation, the num- 
ber of cylinders to be taken can be defined as so many per 100 cu. yd., let 
us say three. Then knowing the strength desired, we can construct a hypo- 
thetical progressive strength eurve showing the variations or tolerances 
to be permitted. On this line a space is provided for every cylinder test 
to be made, and as each specimen is broken, the result can be plotted on 
this curve nearest the point of equal value. Just so long as vacant spaces 
still exist lower in value than any particular one obtained, we can be 
sure we are still on the safe side. We should, of course, expect a liberal 
distribution of points currently both above and below the average line. 
This method takes into account the probabilities of extremely high or low 
results and discounts them accordingly. : 

If we should find in the midst of a job, for example, that we have 
obtained some low values, when all low spaces have been filled by previous 
tests, we know at once that our ultimate results will fall short of the 
prescribed goal, and means can be taken to correct conditions say by in- 
creasing the cement factor. Again, if we should find our results taking 
up the higher spaces, we can feel confident that our cement factor could 
be safely reduced. The tolerance rule thus consists in defining the char- 
acteristics of the hypothetical line, which present experience indicates to 
be one having a straight line spread of about 45 per cent. As our manu- 
facturing technique improves, the uniformity of results will improve with 
it, and this will be reflected in a flatter curve. 

It may be of interest to remark that the job organization followed the 
tests with much interest and an open mind. They were glad to find out 
definitely the strengths of the concrete they were making and the quality 
of the raw materials they were receiving, and they felt some pride in the 
high values obtained. But they do not feel that the slump or flow table 
tests can replace the experienced man who judges the. water content from 
the appearance of his mixture. 

The concrete industry is more than ever in a transitional period, and 
as these various difficulties are overcome, one by one, we can expect to 
see the unit fibre stress for ordinary structural concrete raised to say 
800 lb., with its resultant saving in construction costs. The problem in 
the recent past has been considered mainly as one finding the optimum 
mix and holding down the water content; while a host of other factors, of 
lesser individual importance to be sure, have been side-tracked. We should 
not be misled by the thought that there is a single cure-all, or that the goal 
can be reached by anything short of refinement in all the ramifications of 
the industry, and we should remember that the cost of these refinements 
must not be handled as a tax on the industry, but must be justified by 
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ultimate over-all economy. In the meantime, we are assured from these 
test results that our present product is in general good, in fact better than 
we had reason to anticipate. 

It seems entirely fitting that acknowledgment be made at this time of 
the high order of ability with which Mr. Slater and Mr. Walker attacked 
the problem at Camden. They deserve much credit for what has been 
demonstrated, as do all other co-operating agencies, and it is a pleasant 
commentary to add that the fine co-operative spirit which prevailed augurs 
well for continuing in the field the efforts to improve our quality of 
concrete. 


TESTS OF IMPURE WATERS FOR MIXING CONCRETE. 


By Durr A. ABRAMS. 


SUMMARY AND CONCLUSIONS. 


Strength tests of portland cement concrete were made at ages of 3 
days to 21/3 years using mixing waters of a wide range of types, many 
of which were thought to be unsuitable for use in concrete. Sixty-eight 
samples of water were tested in two different investigations; 52 samples 
were collected from different sections of the country; 14 were from the 
Chicago district. Among the waters tested were sea and alkali waters, 
bog waters, mine and mineral waters, waters containing sewage and in- 
dustrial wastes, and solutions of common salt. Tests of fresh waters (in- 
cluding distilled) were made for purpose of comparison. About 6000 tests 
are included in this report. Reference is made to a number of other inves- 
tigations on related subjects. 

Series 137.—50 samples of water were used in 1: 4 concrete of relative 
consistency 1.10 and tested after curing under the following conditions: 


(a) Moist room, tested at ages of 3 days to 21/3 yr., 
(b) Moist room 28 days, then in air of laboratory, tested at 3 mo, to 
21/3 yr. 


Series 138—18 samples including sewage and trade wastes from the 
Chicago district, were used in concrete cured in moist room as follows: 


(a) 1:7, 1:5, 1:4, 1: 3 and 1: 2 mixtures, relative consistency 1.00, 
tested at 28 days. 

(b) 1:4 concrete mix, relative consistency 0.90, 1.00, 1.10, 1.25, and 
1.50, tested at 28 days. 

(c) 1:4 concrete mix; relative consistency 1.00, tested at 3, 7, and 
28 days, 3 mo., 1 and 21/3 yr. 

(d) 1:3 standard sand mortar, tension tests of briquets and com- 
pression tests of 2 by 4-in. cylinders at ages given in (c). 


Concrete and mortar tests were made in accordance with standard 
methods. In general, 5 to 10 concrete specimens, and 5 mortar specimens 
were made in a set on different days. 

Time of setting and soundness tests of cement were made with each 
sample of mixing water. 

The principal conclusions from these tests are: 


(1) In spite of the wide variation in the origin and type of the waters 
used, and contrary to accepted opinion, most of the samples gave 
good results in concrete. This result seems to be due to the fact 
that the quantity of injurious impurities present is quite small. 


(442 ) 


(8) 


(9) 
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The following samples gave concrete strengths below the strength- 
ratio of 85 per cent which was considered the lower limit for 
acceptable mixing waters: Acid waters, lime soak from tannery, 
refuse from paint factory, mineral water from Colorado, and 
waters containing over 5 per cent of common salt. 

The quality of a mixing water is best measured by the ratio of its 
28-day concrete or mortar strength to that of similar mixes with 
fresh water. While the lowest permissible strength-ratio is a 
matter of judgment, waters giving strength-ratios which in gen- 
eral-fall below 85 per cent should be considered unsatisfactory ; 
if only isolated tests are made, 80 per cent should be the limit- 
ing value. The time-of-setting test appears to be an unsafe guide 
as to the suitability of a water for mixing concrete. 

Neither odor nor color are any indication of quality of water for 
mixing concrete. Waters which were most unpromising in ap- 
pearance, gave good results. Jt may safely be said, however, 
that any natural water which is suitable for drinking can be 
used without question for mixing concrete. 

Distilled water gave concrete strengths essentially the same as other 
fresh waters. 

Bog waters which were thought to be unsuitable for mixing concrete 
generally contained only small quantities of foreign materials 
and gave good results. The strength-ratios for the individual 
samples were seldom below 90 per cent. 

Sulphate waters produced little or no ill effects until a SO, con- 
centration of about 1 per cent was reached. For a concentration 
of 0.5 per cent the average reduction in strength was about 4 per 
cent; a concentration of 1 per cent was required to produce a 
reduction in strength of more than 10 per cent. 

Concrete mixed with sea water (about 3.5 per cent salts, mostly | 
sodium chloride) and cured in the moist room gave higher 
strengths than fresh-water concrete at ages of 3 and 7 days; at 
28 days and over, the strength-ratios for sea water ranged from 
80 to 88 per cent. Air-cured concrete mixed with sea water was 
lower in strength than similar fresh-water concrete at 3 mo., but 
showed a recovery in strength at later ages and gave strengths 
equal to that obtained with fresh water. (In spite of the satis- 
factory strength results, it seems unwise to use sea water in 
reinforced-concrete construction, particularly in the tropics on 
account of danger of corrosion of reinforcement. ) 

Synthetic sea water gave concrete and mortar strengtiis similar to 
natural sea water. 

Concrete mixed with water from the Great Salt Lake (about 20 per 
cent sodium chloride) gave strength-ratios from 65 to 77. per 
cent at ages of 28 days and over. This water is not satisfactory 
for mixing concrete, unless allowance is made for about 30 per 
cent reduction in the assumed strength. 
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(10) 


(11) 


(14) 


(15) 
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Water from Devil’s Lake, North Dakota (0.15 per cent sodium sul- 
phate and 0.15 per cent sodium chloride), gave normal concrete 
strengths and showed no ill effects. 

Water from Medicine Lake, South Dakota (3.5 per cent solution of 
sulphates, largely magnesium; SO, concentration 2.8 per cent), 
gave strengths similar to that obtained with sea water. The 
lowest strength-ratio was 84 per cent. 

Waters from drains and small streams in sulphate districts gave 
satisfactory strengths at ages up to 21/3 yr. The lowest 
strength-ratios were about 90 per cent. 

Concrete made with solutions of ‘common salt and cured until test 
in a moist room showed a slight increase in strength at 3 days 
for solutions of 10 per cent and less. Solutions of low concen- 
tration (1 and 2 per cent) also showed a slight increase in 
strength at 7 days; after 7 days, however, all concentrations 
gave material reductions in strength. Strength-ratios as low as 
60 per cent were found for a 20 per cent solution at early ages 
and for 10 per cent and 15 per cent solutions at the later ages. 

Concrete made with salt solutions and: cured in the moist room for 
28 days, then in air, gave results at 3 mo. almost identical with 
that obtained for moist-room curing. For this curing condition, 
the addition of salt reduced the strength at 1 yr. about 12 per 
cent; at 21/3 yr. there was no reduction in strength. The appar- 
ently conflicting results for moist-room and air-curing have not 
been explained. 


The use of common salt for the purpose of lowering the freezing — 


point of the mixing water during cold weather should not be per- 
mitted; 5 per cent of salt lowers the freezing point of water 
about 6° I'., but reduces the strength of concrete about 30 per 
cent. : 

Mine and mineral waters gave good results in concrete, with the 
exception of a carbonated mineral water from Colorado which 
gave strength-ratio as low as 80 per cent. Pumpage waters 
from coal and gypsum mines also gave good results in concrete. 

Water containing sanitary sewage gave essentially the same con- 
crete strength as fresh water. Water from the Illinois River, 


which carries sewage from Chicago, gave strength-ratios at 28" 


days and 3 mo. of 83 and 85 per cent for moist-room curing; for 
air-curing strength-ratios ranged from 92 to 102 per cent. 

Waters containing refuse from oil refineries gave erratic strengths. 
These samples generally gave strengths near normal, but in some 
cases material reductions in strength were found. Setting time 
of cement with one water sample was, initial 10 hr., final 42 hr. 

“Bubbly Creek” water, which is highly polluted with wastes from 
the Chicago Stockyards and gave off an offensive odor showed 
strength-ratios of about 100 per cent for all ages, mixes and con- 
sistencies. 


. 
| 
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Tannery wastes generally gave reductions in concrete strength; the 
lowest strength-ratios were about 89 per cent (lime soak water). 

Brewery and soap works wastes gave concrete strengths essentially 
the same as that of fresh water. 

Waste from a gas plant and a corn products factory gave good re- 
sults; the strength-ratios ranged from 90 to 100 per cent. 

Paint factory waste water gave strength-ratios ranging from 80 to 
90 per cent. 

A spent plating bath containing sulphuric acid, after dilution to 10 
and 20 per cent of its original concentration, gave strength- 
ratios as low as 85 per cent for the 10 per cent solution and 
74 per cent for the 20 per cent solution. For different con- 
sistencies both solutions gave about the same strength-ratios 
which ranged from 88 to 106 per cent. Lower strength-ratios 
were obtained with the rich concretes than with the lean. 

The strength of conerete mixed with all samples of impure waters 
showed normal increase at 28 days with additional quantities of 
cement. The impure waters gave about the same strength-ratios 
regardless of the mix used in the concrete tests. For the usual 
range in mixtures (1:5 to 1:4) the strength increased about 
1 per cent for each 1 per cent additional cement. 

There was a marked reduction in strength of concrete with increase 
in quantity of mixing water for both fresh and impure waters. 
Increasing the quantity of mixing water 1 per cent reduced the 
strength of concrete about the same amount as if the quantity of 
cement were reduced 1 per cent. A comparatively slight increase 
in quantity of mixing water produced a greater reduction in con- 
crete strength than that caused by the use of the most polluted 
mixing water that is ordinarily encountered. These tests show 
the importance of the water-ratio strength relation in concrete 
which has been pointed out in numerous other reports from this 
Laboratory. 

The effect of impure waters was in general independent of the con- 
sistency of the concrete. Acid waters from a spent plating bath 
gave somewhat higher strength-ratios in the wetter concretes. 

The strength of concrete cured in a damp condition at normal tem- 
peratures increased with age for both fresh and impure waters. 
The strength was approximately proportional to the logarithm 
of the age at test. 

The effect of impure mixing waters on the tensile and compressive 
strength of 1: 3 standard sand mortar at ages of 3 days to 21/3 
yr. was generally similar to that on the compressive strength of 
concrete. In the mortar tests a few waters gave somewhat higher 
strength-ratios and one water gave a somewhat lower strength- 
ratio than was obtained in concrete. 

The percentage of water required for normal consistency of cement 
when mixed with the impure water was, with few exceptions, 
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about the same as for fresh waters. Water from Great Salt 
Lake, solutions of 5 to 20 per cent of common salt, refuse from 
an oil refinery, Medicine Lake water, and acid water from a 
spent plating bath, required somewhat higher percentages for 
normal consistency than fresh water. 

(30) The time of setting of portland cement. mixed with the impure 
waters was about the same as for fresh waters; however, there 
were some notable exceptions. In most instances the samples 
giving low concrete strength-ratios were slow setting. On the 
whole the tests show that time of setting is not a satisfactory 
test for suitability of a water for mixing concrete. 

(31) None of the impure waters caused unsoundness of the portland 
cement when subjected to the standard test over boiling water. 

(32) Most specifications for water for mixing concrete are so worded that 
they would, if strictly enforced, exclude nearly all but rain water 
and distilled water; these tests have shown that almost any. 
impurity may be present without necessarily producing ill effects. 
The important point is not whether impurities are present, but 
do the impurities occur in injurious quantities? 

(33) The effect of sugar and similar compounds was not studied; earlier 
tests have shown that these compounds are most detrimental and 
must be avoided. 


INTRODUCTION. 


Water is one of the essential constituents of concrete, hence it is im- 
portant to establish the effect of both quantity and quality of mixing water 
on the strength and other properties of concrete. Tests made in this and 
other laboratories have shown the effect of quantity of mixing water; the 
present investigation covers an experimental study of the effect of quality 
of mixing water.* 

In many sections of the country the possibility of building concrete 
structures, especially concrete roads, may depend on the suitability of the 
local waters which may be contaminated with various impurities; alkali 
waters, bog waters, and waters containing sewage, mine pumpage, or other 
trade wastes are characteristic of many important industrial districts. 


*See following reports for the effect of quantity of mixing water :— 

Effect of Consistency on Strength of Concrete; Jl. Am. Concrete Inst., 
Oct.-Nov., 1914. 

Strength and Other Properties of Concrete, by Wig and others; Technologic 
Paper 58, U. S. Bureau of Standards, 1916. 

Effect of Grading of Sands and Consistency of Mix upon the Strength of 


Plain and Reinforced-Concrete, by L. N. Edwards; Proc. Am. Soc. Testing Mate- 
rials, Part II, 1917. 


Strength of Concrete; Its Relation to the Cement Aggregates and Water, 
by Talbot and Richart; Bulletin 137, Eng. Experiment Station, Univ. of Il, 


1923. 


Bulletins 1, 2, 5, 8, and 11 of the Structural Materials Research Labora- 
tory, Lewis Institute, Chicago. 


Economic Value of Admixtures, by Pearson and Hitchcock ; Proc. Am. Con- 
erete Inst., 1924. 


Tests oF ImpurE Warvers FoR Mixinc Concrete. 447 


TaBLE 1.—Nores on Water SAMPLES—SERIES 137. 


In general 5 to 10 gallons of each sam: 
! ple were secured for test. 
See Table 2 for chemical analyses of water samples. : 


Sample Origin of Water Samples 


Group 1.—FrnsH WATERS. 


Lake Michigan; Chicago city wate | 
Distilled water. : x ete 


14 | Coal City, Ill.; city water supply. 

15 | Tracy, Minn.; city water supply, from 700-ft. well. 

17 | Marshall, Minn.; city water supply from wells; high alkali content for potable water. 

18 | Dundee, Mich.; city water supply; has hydrogen sulfide odor; high alkali content for potable water. 
36 | Lake County, Ind.; rain water from small pools near Gary. 

37 | Youghiogheny River, foot of Fifth Street, McKeesport, Pa. 


Group 2.—Minnesota Boa Waters. 


TeleipiGresk Fed by peat bogs or tamarack swamps; yellow color. _ . 
Colednet River Probably average conditions for rivers in Northern Minnesota. Representative 
DnauRicer waters available for concrete work in St. Louis County. 


Stagnant pool in peat bag. Very little flow; peat floating on surface; yellow color. 


19 | Pale Face River 
Sulphur Dam; typical of swamp waters in Northern Minnesota; yellow color. 


Group 3.—Sna WATER AND ALKALI WATERS. 


3 | Sea water from Atlantic Ocean, Wildwood, N. J. 
16 | Sea water from Atlantic Ocean, Bay Head, N. J. No sewage present. 
4 | Synthetic sea water; 3.5 per cent solution of salts approximating composition of sea water. 
5 | Great Salt Lake, Utah; contains about 20 per cent soluble salts and some vegetation. 
26 | Devil’s Lake, N. D.; high in alkali. 
27 | Marshall, Minn. } 
28 | Roswell. N. M. } From low water flow of tile drains in alkali soils. 
29 | Montrose, Colo. 
31 | Muddy Creek, Utah, 3 miles north of Emery; Federal Road Project; high alkali content. 
46 | Price, Utah; sample furnished by State Road Commission; alkaline. 


Groupe 4.—SonuTIon oF Common Savr. 


6 to 11 | Solutions of 1, 2, 5, 10, 15, and 20 per cent table salt in Lake Michigan water. 


Group 5.—Mine anp Minprat WATERS. 


12 | Montrose, Colo.; mineral water from mineral spring at City Hall Square; highly carbonated. 
30 | Bisbee, Ariz.; Mine water. 

32 | Loop Creek, W. Va., Fayette Co.; 24 mines pump drainage into stream above this point. 

33 | Cambria, Ill.; coal mine water from mine pump discharge. 

34 | Colpville, Ill.; from mine pump discharge. ‘ ; 

35 | Fort Dodge, Iowa, Gypsum mine water, from mine pump discharge. 

43 | Scranton, Pa.; Coal washery waste, from mine pump discharge. 


Be a ee) 


Group 6.—Warrrs ContTaIninG SEWAGE AND InpusTRIAL Waste. 
a nnn eee EEE EEEEEn 


13 | Illinois River, near Marseilles; carries sewage from Chicago Drainage Canal. 

38 | Lakehurst, N. J., Air Station; from creek; hydrogen sulfide odor; yellow color. 

39 | Monongahela River, below B. & O. Bridge at Wheeling Junction, Pa.; yellow color. 

40 | Franklin, Pa.; Refuse from oil refinery; black and oily. 

42 | Endicott, N. Y.; probably tannery waste. 

44 | “Bubbly Creek,” Chicago; waste from Stock Yards; very dark color; scum on surface. 

45 | Cygnet, Ohio, from Rockford Creek; contains salt and oil scum from oil wells. 

a. ae ihe oon Lae From Franklin, Pa.; probably contains refuse from oil refineries. 
47 | Drainage Canal, Chicago; contains large quantity of sewage. 


ee ee 


TABLE 2.—CHEMICAL ANALYSES OF WATER SAMPLES—SERIES 137. 


See Table I for further details of origin and nature of samples. 
Chemical analyses expressed as parts per million. 


8 dale @B|se4|a13 
> a S es (esy 
: 21-3 | So Shee) Clic li cele estes 
Se = i) 12) B | 26 g I Be, 2 © 2 
8 Source 3 wn 3 seal cal mee = a ma me BSI 
S so i oO o 2 R f= a a 
a Fe ie i =e een 8 eo BS 2h ie a 
e| 8 ee BaP SSeS | cat se ae Gee lee ene 
a s areas s) 
Group 1.—Fresh Warers. 
2,50 | Lake Michigan, ..... oe 150 150]... ae Sol) 25 wae 15| 70 5 
1.49 | Distilled water....... tre RON ce 2 ec he ae Ac a Af a Se ae 
14 | City water, Coal City, 
A Ne. Meee 20 1,250)" 13120) 6 5 95) 55; 200) 370) 140 240 
15 | City. water, Tracy, : 
Ln eee |e: 1,260} 1,150] trace] trace] 240] 65 40} 650} 160 5 
17 | City water, Marshall, 
Miiin. < re vctaa scree] LOW OC aO la COO lars aa 340} 100} 400} 1,480} 210 65 
18 | City water, Dundee, 
Mirch ceeeracre Seer low 1,920} 1,740) .. 15 | 330] 125 70] 1,060} 100 35 
36 | Lake County, Ind....] 35 660 510} 10 ae 150 20] trace 170} 140 20 
37 | Youghiogheny River.| low 25 15h 35 5 1 1 0. 0| trace] trace 
| 
Group 2.—Minnzsora Boa Waters. 
19 | Pale Face River..... low 115 80} 15 5 15 5 5 10} 30 5 
20 | Helwig Creek........ 70 115 80} 5 5 15 5 5 10} 3% 
31 | Cloquet River.......| low 145 105} 10} 15 20 5 5 5} 40 B 
24 | Dunka River........ 10 120 60} 10 5 10 5] trace 10} 20 5 
22 | Stagnant pool....... low 195 130} 51} 10 25} 10] trace | trace | 70 5 
23 | Sulphur Dam .......| 250 90 Oh es oe 25| trace an 15} 20 10 
25 | Sulphur Dam........ 10 105 40] 5 5 10} trace 5 oe | eho. 5 
Group 3.—ALKALI WATERS. 
S| Seaawaberss acetates 100 | 33,400) 33,420] .. ek 350] 1,000] 11,100} 2,370} 30 } 18,500 
L.Golioea Wabenans concer low | 33,300} 33,300] .. 35 550} 1,080} 10,000} 2,460} 70 | 18,600 
4 | Synthetic sea water. .|none} 35,000} 35,000) .. sie 420} 1,310} 11,100} 2,700} 70 | 19,4006 
5 | Great Salt Lake.....] low | 227,800}227,800] .. .. | 1,280] 6,330} 78,600] 14,400] 410 | 126,700 
26 | Devil’s Lake, N. D...] 15 4,000} 4,000) 15 5 20] trace} 1,580] 1,070} 370 910 
27 | Tile Drain, Minn....| 10 1,910} 1,820} 20 5 | 260} 170} 115} 1,060] 190 5 
28 | Tile Drain, N. M....| 820 3,130} 3,130) 10 aS 560) 120 665} 1,490] 130 140 
29 | Tile Drain, Colo..... bs 2,490) 2,850) 10] .. | 470} 110) 160! 1,520} 80 5 
31 ] Muddy Creek, Utah..| 240 | 12,100} 12,100] °.. 2 5} 270} 3,320) 7,700] 210 220 
46 |-Price, Utah? een: low 9,430) 7,890} .. | 40 | 440) 510} 1,200} 5,500) 130 65 
Group 4.—So.utions or Common Satr. 
6 1 per cent common 
Baltes neato .. | 10,200) 10,200] .. 36 35] 25} 3,960 15} 70 6,110 
7) 2 per cent common 
BAlGc ore nen cnt coeds een ee 0G | ace 00 aes . 35] 25} 7,980 15} 70 | 12,300 
8 | 5 per cent common 
Salton ance encod te .. | 52,000] 52,000} .. at 35} 25} 20,400 15} 70 | 31,400 
9 | 10 per cent common 
Baltes seme meee .- | 107,500] 107,500} ...] .. 35] 25} 42,200 15} 70 | 65,100 
10 | 15 per cent common 
paltigtuteoce merce .. {166,800 | 166,800] .. a 35| 25] 65,500 15] 70 | 101,100 
11 | 20 per cent, common 
Sate otenrerce seen .. | 223,100 22,00 A ae 35| 25! 87,800 15} 70 | 135,200 
Group 5.—MINE AND Minprat WATERS, 


12 | Mineral water, Colo..| .. 2,140) 2,060 5 | trace] 90 40 670 270| 880 100 


30 | Mine water, Ariz... .} 25 400 360} 5 | trace] 90 10 20} 180} 40 10 
32 | Loop Creek, W. Va. .| low 720 680} 15 5 70| 40 80} 450} 10 10 
33 | Coal mine, Ill....... 5 4,640} 4,400} 15 | 10} 260} 180] 1,000} 2,780] 100 60 
34 | Coal mine, Ill....... 15 2,240] 2,120) trace} 5] 110] 50} 580] 410) 250 670 
35 | Gypsum mine, Iowa..} 30 2,660} 2,220} 25 | trace] 560} 80 80] 1,370} 90 10 
43 | Coal washery, Pa....| low 2,700} 2,460) .. | 170 | 260] 170 50] 1,780} d 60 
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TABLE 2—CuEMICcAL ANALYSES OF WATER SAMPLES.—SERIES 137 (continued). 


s g @ | 3@ & 
S| 3 oe MR eel rere bcs asi ens | a ey 
x = 3 Ss Sils#s|/ oO] = ls a |}o g 
= wal wn B | 26 foie )) B= = 
& Source s = ¢ ea) eral esl eee Sali ae 2 3 
F See sort we eubee ae |e fea | Ba | CEN ee 
rt = Sb B ak a | 3.5 = 2 | 
a ; 5 Se al eS: nas: 
_ 
Group 6.—Warers Contarnina Suwacn anv InpusrriaL Wasres. : 
13 |Lllinois River...... ..-| low 970 920 5 | trace] 100 50 160 220) 170 210 
38 | Lakehurst Air Station} 10 450 390) 15 50 40 10 10 250 5 5 
39 Monongahela River..| 40 300 270 5 15 30 10 50 SO Me 5 
5 Bee oueinry 2 pe Bee as mae - Tella sods a Aaa usc nee 
4 Endicott, N. Y...... 250 9,040} 7,110) .. .- | 1,220] trace} 1,650) 1,000} 470 2,200 
44 | “Bubbly Creek”, y 
Chicago: sos nc. ee low 1,860} 1,090} 35 35 90 20 390 60| 200 650 
45 | Cygnet, Ohios ees low 4,300} 4,020) .. 20 290} 130} 1,190 250} 50 2,180 
48 | Allegheny River (low 
MpeD) Re cen y os 120 LOO} ss ; 30 5 es 20} 30 15 
41 | Allegheny River (high 
water). . = es 250 220 5 5 30 60 10 30) 70 30 
47 | Drainage Canal, 
Chicago. . eee LOW 260 220) 15 20 40 10 10 50} 80] trace 


a Calculated from bicarbonates which were determined by titration. 

b 65 parts per million of Bromine also present. 

c Analyses calculated from analysis of Lake Michigan water and specific gravity of salt solutions. 

d Water is acid; acidity equivalent to 3 parts of hydrogen per million parts of water. 

é Qualitative only; acid reaction to methyl orange; high in chlorides, sulfates, calcium and magnesium; 
R203 present. 


A few tests from other sources have been reported on the effect of 
sewage on the strength and time of setting of cement; many tests have 
been made using sea water. THarlier tests were limited in number and 
scope; they were in general made on cement or sand mortar briquets, hence 
gave little direct information on the concrete-making quality of the waters. 
This appears to be the first comprehensive study of the effect of impure 
mixing waters on the strength of concrete. 

68 separate samples of water were tested in two different series of 
investigations. 52 samples were collected from many sections of the coun- 
try. 14 of the samples were from the Chicago district. In general the 
waters were of a nature which was believed to be unsatisfactory for mixing 
concrete. Synthetic sea water and solutions of common salt were also 
used and parallel tests were made on several samples of clean, fresh waters, 
The samples may be classified as follows: 


Fresh, clean waters (in general potable) ; 

Minnesota bog waters; 

Sea and alkali waters; 

Mine and mineral waters; 

Water contaminated with sewage and industrial wastes; 
Solutions of common salt. 


The tests described in this paper were confined to the use of impure 
waters in mixing concrete; the use of impure waters for curing concrete 


was not studied. 
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These tests were a part of the experimental studies of the properties 
of concrete and concrete materials being carried out through the co-opera- 
tion of Lewis Institute and the Portland Cement Association at the Struc- 
tural Materials Research Laboratory, Lewis Institute, Chicago. 


B OUTLINE OF TESTS. 


This report includes two series of tests and gives the results of about 
6000 strength tests of portland cement concrete and mortar. Series 137 
was confined to a 1: 4 concrete using 50 separate samples of water; in 
Series 138, 18 separate samples were used in concrete of a wide range of 
mixes and consistencies. In both series concrete tests were made at ages 
of 3 days to 21/3 yr. 


TaBLE 3.—NovrEes ON WATER SAMPLES—SERIES 138. 


Water samples (except Samples 101-105) were collected in in 50-gallon lots in the Chicago District. 
Chemical analyses given in Table 4. 


Sample Remarks 


101 | Lake Michigan; Chicago city water supply. 

102 | Distilled water. 

103 | Distilled water-aerated. (Air, filtered through cotton, was passed through water for several hours). 
Synthetic sea water; 3.5 per cent solution of salts approximating composition of salts in sea water. 

104 | Medicine Lake, near Watertown, S. D. 

105 | Industrial sewage from Central Manufacturing District; collected at 39th and Morgan Sts. 

106 | Wash water from wood tanks used for beer storage; Atlas Brewing Co. 

107 | Chicago Drainage Canal at Ashland Ave. and 27th St.; contains sewage. 

108 | Waste water from Armour & Co., Soap Works, Chicago; contains some organic material, 

109 | Circulating water used to seal water gas machines at North Station, Peoples Gas Co. 

110 | Waste from plant of Corn Products Refining Co., Argo, Ill 

111 | ‘Bubbly Creek;” waste from Chicago Stock Yards; very dark color; scum on surface. 

112 | Tan and dye liquor waste; from tannery of Griess, Pfleger & Co. 

113 | Soak water; waste from cleaning hides; from tannery of Griess, Pfleger & Co. 

114 | Lime soak from tannery used in removing hair from hides; from Thnois Sanitary District Testing 

115 Station at tannery of Griess, Pfleger & Co. 

116 | Waste from settling tanks of Sherwin, Williams Co., paint mAnaeerie ers, Pullman, IIl.; contains 

sulphuric acid, organic matter, copper, and iron. 
117 | Spent acid plating bath, La Salle Steel Co., Cicero, Ill. Used in concrete diluted with 4 and 9 parts 
of water. Chemical analysis i in Table 4 was made on the sample as received. 


Series 137.— (Specimens made Aug. to Nov., 1920) consisted of com- 
pression tests of about 2200 4x 8-in. concrete cylinders using 50 different 
samples of mixing water. A description of the waters is given in Table 1, 
chemical analyses in Table 2. 

Tests of 1:4 concrete, relative consistency 1.10 were made for the 
following curing conditions: (Table 10) 


(a) Moist room until tested at 3,7 and 28 days, 3 mo., 1 and 21/3 yr. 
(b) Moist room 28 days, remainder in air tested at 3 mo., 1 and 
21/3 yr. 

Time of setting and soundness tests of the cement using each mixing 
water are given in Table 8. Miscellaneous tests of cement and aggregates 
are given in Tables 5 to 7. 

In general each value of concrete strength is the average of 5 or 6 
tests made on different days. 


Tests oF ImpuRE WATERS FOR Mrxtnc Concrete. 451 


Series 138.— (Specimens made April and May, 1921). This series in- 
cluded tests on 18 different waters most of which were from the Chicago 
district. Compression tests were made on about 2700 6 x 12-in. concrete 
cylinders, 540 (each) 2x 4-in. standard-sand mortar cylinders and briquets. 
A description of the water samples is given in Table 3; chemical analyses 
in Table 4. 

Tests were made as follows: 


(a) Conerete, 1:7, 1:5, 1:4, 1:3 and 1:2 mixes by volume; rela- 
tive consistency 1.00; age at test 28 days. (Table 11.) 

(b) Concrete, 1: 4 mix; relative consistency 0.90, 1.00, 1.10, 1.25 and 
1.50; age at test 28 days. (Table 12.) 


TaBLe 4.—CuHEmIcAL ANALYSES OF WaTER SAMPLES—SeERiEsS 138. 


Waters were from Chicago District, unless otherwise noted. 
Analyses are expressed as parts per million of water as received. 
See Table 3 for further details of origin and nature of samples 


ixi BR] oS = = : g 
Mixing Water 2 S a\|es|a|s ss a = 3 8 
milseuriee Natio Kolo. le eae 
| 3s |2ia2lq|8!/s]21]3\| 22 
rm gel ee ele) sol e-) Ss 4 a | ee 
q Source ee here im | SR 3 & | = = |g] BS 
a 5 
101 | Lake Michigan............... aa 150 os v2 35 25 5 15 
LOM Distilled’ sates ce cncsaelcneraetre ac oe ae ae ; ae i Aad see 
103 | Distilled aerated............. aa A < ES S i a Pee 
104 Synthetic sea watera......... .. | 35,000 a .. | 420 | 1,310} 19,400} 2,700 
105 | Medicine Lake, S. D.b. ......] 55 |53,100 | . .. | 420 | 5,750) 540] 28,700 
106 | Industrial sewage............ 10 310 | 10 5 | 50] 180 45 Cn) 5 
107 | Brewery waste............... 100 250 10 5 | 40 | 120 5 0} O07} 120 
108 | Drainage Canal.............. 20 220 15 5 | 40] 140 10 30inn 0 10 
109 | Soap works waste 20 410 5 5 | 60 190 90 60; 0 15 
110 | Gas plant waste... 120 470 | 30 5 | 40; 240] 170 150} 35 | 420 
111 | Corn Products Co ef 170 980 | 15 5 | 90] 370] 330 120} 5| 75 
At2aBubblyzCreck.c.- care 50 820 | 10 5} 80} 210] 420 80) 5] 30 
113 | Tan and dye liquor (gainer). 110 | 1,840 | 25 5 70 150} 480 560} 20 | 310 
114 | Soak water (tannery).. : 90 | 3,700 | 20 5 85 200} 2,340 60} 10 35 
115 | Lime soak (tannery).......... 970 | 6,220c} 30 0 | 990 | trace} 2,910 210) 320 | 320 
116 | Paint manufacturing wasted...| 110 | 10,180 10 | 30] 180 70 130] 5,430} 0 | 440 
117 | Spent plating bathe........... 90 Bae a a 0 0} 810) 114,400) .. Pe 


a Sodium and potassium 78,600 parts per million; carbonate (COs) 70. 

b Loss on ignition 8,610 parts per million; sodium (Na) 2820; potassium (KX) 700; carbonate (COs) 430. 

¢ Total solids after ignition. 

d Loss on ignition 895 parts per million; copper, 170; zine, trace. 

e Ferrous iron 47,300, acidity (H2SOs) 31, 250 parts per million. Diluted to 10 and 20 per cent of original 
concentration by the addition of Lake Michigan water before using in the tests. 


(c) Concrete, 1: 4 mix; relative consistency 1.00; age at test 3, 7 and 
28 days, 3 mo., 1 and 21/3 yr. (Table 13.) 

(d) Briquet and 2x 4-in. cylinder tests of 1: 3 standard sand at ages 
given under (c). (Table 14.) 

(e) Time of setting and soundness tests of the cement were made 
using each mixing water. (Table 9.) 
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All concrete specimens were cured in moist room until test; mortar 
cylinders and briquets were cured in water after the first 24 hr. and tested 
at the ages given above. 

The strengths of concrete given in the tables are the average of 10 
tests made on different days; for the mortar, 5 tests. 


MATERIALS. 


Water—39 of the 50 samples of water in Series 137 were collected in 
about 10-gal. lots. About 50-gal. lots of 13 different waters representing 
what were considered the worst qualities to be found in the Chicago dis- 
trict were collected for test in Series 138. The solutions of common salt 
and the synthetic sea waters were prepared at the Laboratory; the distilled 
waters were purchased in Chicago; the Lake Michigan waters were from 
the city water supply. For details of the water samples see Tables 1 to 4. 


TasBiE 5.—CHEMICAL ANALYSIS OF CEMENTS. 


The percentages are the average of 2 determinations. 


ae 


Tron and . . < ‘ f 
: Calcium Magnesium Sulfuric 
Cement Used in Silica nee Oxide Oxide | Anhydride 
Series (Si02) (Fe203 + AlsOs) (CaO) (MgO) (SOs) 
SONU Re Bact Pee te 137 21.88 9.46 62.64 2.94 1.55 
DOTS ine srartietige afore 137 21.73 9.15 62.90 2.79 1.62 
HZDG Ee cin thee ces 138 21.85 9.25 61.97 2.78 1.68 


Portland Cement consisted of a mixture of equal parts of 5 brands 
purchased in Chicago. About the first two-thirds of the specimens in 
Series 137 were made from Cement Lot 4951, and the remainder from 
Cement 5075. In Series 138, concrete and mortar tests were made from 
Cement 5259. Chemical analyses of the cements are given in Table 5; 
standard-sand mortar tests of the cements using Lake Michigan water are 
given in Table 6. 

Aggregate for concrete tests in both series consisted of sand and peb- 
bles from Elgin, Ill. For Series 137 the aggregate was graded 0 to %4-in.; 
for Series 138, 0 to 114-in. In order to secure a uniform grading of aggre- 
gate, the sand and pebbles were separated into the following sizes and 
recombined to the sieve analyses shown in Table 7: 0-No. 4; No. 4-% in.; 
%-945 94-146. 


TEST PIECES. 


In Series 137 the strength tests were made on 4x 8-in. concrete cyl- 
inders; in Series 138, on 6x 12-in. cylinders. In Series 138 compression 
tests were made on 2x 4-in. cylinders and tension tests on briquets of 
1; 3 standard sand. Concrete specimens were made, cured and tested in 
accordance with “Tentative Methods of Making Compression Tests of Con- 
crete” (Serial Designation: C39-21T) of the American Society for Testing 


be el 
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Materials; mortar specimens in accordance with the Standard and Tenta- 
tive Specifications of the American Society for Testing Materials. 

The concrete mixtures were expressed in terms of 1 volume of cement 
to a given number of volumes of aggregate, dry and rodded after combining 
to the grading used. Concrete was mixed by hand with a blunted trowel 
in metal pans in batches of sufficient size for three 4x 8-in, cylinders or 
one 6 x 12-in. cylinder. 

The quantity of mixing water was the same for similar concrete, except 
insofar as differences in normal consistency of the cement dictated small 
variations. The plasticity of the concrete was measured by means of the 
“flow-table”’.* The flow-table consists of a circular metal plate attached to 
a frame in such a way that it can be raised and dropped by means of a 


TaBLE 6.—Morrtar Tests or CEMENTS. 


1:3 standard sand mortar. 

Portland cements a mixture of equal parts of 5 brands purchased in Chicago. 

Mixing water from Chicago city water supply. 

Tests made in accordance with Standard Specifications and Tests for Portland Cement of the American 
Society for Testing Materials. 

Hach value for strength is the average of 5 tests made on different days. 

Time of setting tests given in Tables 8 and 9. 


Compression Tests of 
2x4-in. Cylinders 
Tb. per sq. in. 


Tensile Strength of Briquets, 


Co. | Used] BRR Norma ibe ain 


ment |, | on 200 |Consist- 


eve Nt evades ers aie. fel 9 | 72, 98 10 3) Bit epee 
days | days | mos. | mos. | year | years} days | days | mos. | mos. | year | years 


4951..| 137 | 18.2 22.5 | 270 | 360 | 425 | 390 | 400 | 375 | 2220} 3740} 4340} 4840} 4260)4800 
5075..| 137 | 18.8 22.5 | 250 | 350 | 420 | 445 | 340 | 380 | 1710] 3010} 4020) 3640} 4030|3630 
5259...) 138 | 18.2 24.0 | 255 | 375 | 410 | ... | 415 | 395*| 1700] 2800} 3550} ....| 3730/3840* 


* Age of test, 214 years. 


eam. The test is made by rodding the freshly-mixed concrete into the 
mold on the metal table. The mold consists of a truncated metal cone (top 
diameter 6°4 in., bottom diameter 10 in., height 5 in.). After the mold 
is filled, it is immediately withdrawn and the table raised and dropped 
1% in., 15 times in about 10 seconds. The base diameter of the mass of 
concrete after the test, expressed as a percentage of the original diameter, 
is the “flow.” ; 

The concrete cylinder forms were of cold-drawn steel tubing, slotted 
along one element. In making the specimens the forms were placed on 
machined cast-iron plates. The concrete was placed in 3 layers, each 
layer being rodded 30 times with a %-in. bullet-pointed steel rod. Three 
to four hours after making, the specimens were capped with neat cement 


*See “Measuring Flowability of Concrete by Flow Table,” Concrete, June, 
1920, v. 16, p. 274; Eng. News-Rec., May 27, 1920, p. 1044. 

Time of Set of Conerete, by Watson Davis; Proc. Am. Soc. Testing Mate- 
Pals, vevcleap. 995, L924). 

Beonomic Value of Admixtures, by Pearson and Hitchcock; Proc. Am. 
Conerete Inst., 1924. 
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(which had been allowed to stand 3 to 6 hr. after mixing) and the cap 
made plane by means of a machined plate which was worked down to the 
top of the form. 

The forms were removed after 16 to 20 hr. and the specimens placed 
in the moist room. In general they remained in the moist room until test; 
for a portion of Series 137 they were cured in air after 28 days in the 
moist room. 

Concrete tests were made in a 200,000-Ib. universal testing machine. 
The load was applied through a spherical bearing block placed on top of 
the cylinder. 


TABLE 7.—SIEVE ANALYSIS OF AGGREGATES. 


Sieve analyses made using square mesh wire cloth manufactured by The W. S. Tyler Co., Cleveland. | 
Aggregate: Sand and pebbles from Elgin, Ill.; largely limestone origin. Sand contained 2 per cent silt, 
mostly clay. 


Amounts Coarser than Each Sieve, 


per cent by weight Unit 
rents Z Fineness | Weight, 
Series Kind of Aggregate Modulus* | Ib. per 
No.| No.| No.| No.] No.] No.| 36 | 34 | 14 cu. ft. 
100} 48 | 28 | 14] 8 | 4 | in. | im. | in. 
ISTP Sand mca ya.. cee cote: 99| 88] 55) 38] 20] O| .. 3.00 112 
Pebblesaes.ceeon seen ree 108] 100} 100} 100] 100} 100} 67 | 0 6.67 110 
Mixed concrete aggregate...| 99] 94) 79] 71] 63) 55] 39 | 0 5.00 126 
1382) Sandee si ceenta ee eee 981 537/558 |eroS pie LO| mes | MO a iiere lees 3.00 112 
Pebblessaie.cers comer rae 100} 100} 100) 100} 100} 100) 75 | 25} 0 7.00 110 
Mixed concrete aggregate. . 99| 96| 86) 79) 72) 68] 50) 17] 0 5.67 128 


* T'ineness modulus of aggregate is the sum of the percentages in the sieve analysis, divided by 100. 


DISCUSSION OF TESTS. 


The results of the strength tests of concrete and mortar are given in 
Tables 10 to 22 and Figs. 1 to 7. The most striking feature of this 
investigation was that in spite of the wide range in type of mixing waters, 
the samples, with a few exceptions, gave good results in concrete. 

The waters used ranged from distilled water to water containing 
nearly 250,000 parts per million of solids. The impurities consisted of 
alkaline salts, sewage, industrial wastes of various kinds and miscellaneous 
salts, minerals and other impurities found in mines, deep wells, bogs, ete. 

The following discussion points out briefly the principal features of 
these tests. Chief emphasis is placed on the results of tests of the 1: 4 
concrete; this mix was used throughout Series 137 and in the bulk of the 
tests in Series 138 and represents the quality of concrete used in road con- 
struction and other high-grade work. 

Criterion of Quality of Mixing Water—In this discussion the quality 
of mixing water will be measured by comparing its concrete strength with 
that of fresh water tested at the same time, in the same mix, at the same 
age, etc. The “strength-ratios” computed on this basis are given in the 
tables. While the lowest permissible strength-ratio is a matter of judg- 


a 


Tasie 8.—Time or Sprrina or Cement as Arrecrep By ImpurE 
WaTERS—SERIES 137. 


Portland Cement consisted of 


see Table 6.) 


Tests were made in accordance with Standard Specifications and Tests for Portland Cement of the 
American Society for Testing Materials. 
Hach value is the average of 2 tests made on different days. 


a mixture of equal parts of 5 brands purchased in Chicago. (Cement 4,951, 


Vicat Needle | Gillmore Needle 
a a Sound- 
2 A : wy n.. Normal | ness 
& Classification g Source of Mixing Water | Consist-| Initial | Final | Initial | Final (over 
wn ency boiling 
ase or] water) 
Be emis meh. sane haem: 
2,50| Lake Michigan........... 22.5 S20) (OrcOncas SON sGx SON) .OkK 
1,49] Distilled water........... 22.5 3 40/7 00/4 30/7 00) OK 
14 | City water, Coal City, Ill..} 22.5 |3 40]6 30/4 30/6 30] OK 
15 | City water, Tracy,Minn...| 23.0 | 4 00]8 00/4 30]8 00] OK 
1 Fresh 17 | City water, Marshall, Minn.} 22.5 | 4 00]6 20]5 00]7 10] OK 
waters 18 | City water, Dundee, Mich.! 22.5 | 3 40/6 50]5 00]7 25] OK 
36 Lake County, Ind......... 22.5 4 30|7 30|4 30|7 30! OK 
37 | Youghiogheny River...... 2200) 24. 00-8), 00K]. 65.48) 5a ROK 
LEO CIS, Rey oO rele oomene 3) 62.) 7°20) 4 43 1.7 18 
19 Pale Face River.......... 22.5 3 45/16 30'S 007 15" | OK 
20 | Helwig Creek............. 22:5 |/3 30) 6) 30, 1/4 46 1% 155) OK 
21 Cloquet Rivet sc cence... - 22,9))| 3) 60)! 60.40 125) 00 1 00 OK 
2 | Minnesota 249) Dunka Rivers seca: shan 23.0 |3 45 |8 00|4 45)8 00] OK 
bog 22 | Stagnant pool............. DOF Daiiio) 260) |G 401 |e ace O0sill nlOu lu Oike 
waters 23 | Sulphar Dam. ./....0..... 22.5 |3 30/7 00|}4 30|7 30) OK 
D> sulphur Damieemese eae 22.5 | 3 30/6 104 306 45) OK 
HSV CLARE Wee ohays (esas shed Oiemee inte 38 37/6 48/4 4317 16 
8m) Seaswater-asivoce seec cos 22-Di| on 400 |) wld) 4 300) a 404i LOK 
16 Seaiwatersn.mue saece ner 22.5 2 45/6 00}4 00/6 30] OK 
4 | Synthetic sea water.......) 22.5 | 3 30/7 00/4 38517 00] OK 
5 | Great Salt Lake.......... PANO 5) 1457) 115A] amo 08| lle 15 F | OK 
3 Soatwater 26 Devil’s Lake N. D 23.0 3 30|]7 00|)4 45)7 00) OK 
Y F tle li 27 | Tile Drain, Minn... 2225) 3s 80/17" 100: |b 00-7 007) OK 
waters || 28 | ZileDrain,N.M..........| 22.5 |3 15]6 00/4 30/6 50| OK 
ere 29 | Tile Drain,Colo.......... 22.5 14 00|6 15/4 40/6 45] OK 
31 | Muddy Creek, Utah....... 2320 13 16 | 8 00")/4 45) "3' "00 IF OK 
Soman Price WWitalsteieuna-&.. eecx- PROP eee a ee UO) |e LO 8 Sh MOU 
IAN CLAZE se ain, torte n oe ofl cere a 8 25016: 504" 367 10 
6 1 percent common salt...| 22.5 |3 30]7 00]4 85]7 15] OK 
Uh 2 per cent common salt...| 22.5 | 3 30|7 30|4 45/7 30] OK 
4 Soluti 8 5 percentcommonsalt...| 23.0 | 3 45|7 30]4 45)7 30] OK 
iy ead 9 | 10percentcommonsalt...} 24.0 |4 25/9 30|5 45|9 45} OK 
oo es 10 | 15 percent common salt...} 24.5 | 5 00]9 30/6 30]9 45] OK 
mon salt 11 | 20percentcommonsalt...| 25.0 | 6 00 |10 30]9 30]....... 
ANOLOR Orci niece well na setae > 4 22)8 35)5 58/8 21 
12 | Mineral water, Colo....... 23.0 |3 30]6 55|5 00)/.7 00 | OK 
30 | Mine water, Ariz.......... 2307-400) 16-25 1. 00), 6 = 50) | OK 
32 | Loop Creek, W. Va........ 22:5 |\3 45) 7 45) 4 45) 7 45°) OK 
5 | Mineand SSealiCoalmine, ila. ance ok DSEO Ro Aol |\ Zaerd oil and Orin 80) OK 
minera]) <| 34 | Coalumine,all............. Q3en ems ESmOONPomOO TES lon sO 
waters 35 | Gypsum mine, Ia.......... 23.0 | 3 45|]8 00|5 00]8 15) OK 
43 Coal washery, Pa.......... 23.0 4 00/7 30)4 45]8 00] OK 
IAVOL ALE Natcrssesstetotassteeseley| x crete oer O47 | v2 29) "4% vo38 let 42 
7 13 Tilinois River.....:.....-+ 23 .0 4 00|6 50/5 00/7 15) OK 
38 | Lakehurst Air Station.....| 22.5 |4 00|7 30/4 30|7 45] OK 
39 | Monongahela River....... 22.5 13 45|7 30|4 30/8 00) OK 
6 | Waterscon- 40 | Refuse, Oil Refinery....... 26.0 |11 00*/36 00*| 9 00*/48 00*) OK 
taining 42 Endicott, N. Y. (tannery)..}| 22.0 3 30|7 45|4 50|8 00} OK 
industrial 44 | “Bubbly Creek,” Chicago.] 22.5 | 4 00|7 30]4 45}7 50) OK 
wastes As Vi CyonetaObions tos meena CEN eee TES re UN es AD Ne eas |KO) 6 
and 47 Drainage Canal, Chicago..| 22.5 3 35/7 15)4 45) 8 00} OK 
sewage 48 Allegheny River (low water)| 22.5 3.45.2 ti 4 4017 4511 OK 
41 Allegheny River(highwater)| 22.5 2. A5 7 Aba AD. eT) Abi NOK 
AV OFaRONe: A 1 ira aioh! crest 3 44/7 22 )4 41) 7 47 


* Omitted from average. 


456 ‘Tests or Impure Waters ror Mrxtna CONCRETE. 


ment, we have considered that waters which give strength-ratios less than 
85 per cent were unsatisfactory for mixing concrete. This is a rigid re- 
quirement, since some allowance must be made for accidental variations in 
the tests. Such a rigid requirement is justified in this discussion only 
because we have made a large number of tests at the same time, under 
carefully controlled conditions. Where isolated tests of concrete or mortar 
are relied upon, the limiting strength-ratio should be reduced to 80 per 
cent or 75 per cent. 


TABLE 9.—Time or Serrinc or Cement—SeErizEs 188. 


Cement: a mixture of 5 brands of Portland Cement purchased in Chicago, see Tables 5 and 6 for chemical 
analysis and physical tests. 

Tests made in accordance with Standard Specifications and Tests for Portland Cement of the American 
Society for Testing Materials. 

Each value is the average of 2 tests made on different days. 


Mixing Water Time of Setting 
Nowial Vicat Needle Gillmore Needle ns 
Consist= |< 25. ee ee ee roiling 
: ency ‘ 
Sample Source Initial Final Initial Final a) 
hy mH, hh. mi: hy (mm Jit Gout 
101 Lake Michigan...........-:- 24.0 4 25 8 40 6 40 10 35 OK 
102 Distilled=s ys ates. Pee 23.5 3 30 8 10 6 10 20 OK 
103 Distilled aerated.............] 24.0 3 45 8 45 6 25 9 20 OK 
ANOLALO) corrknaeceuseec ell ete aee 3 55 8 30 6 25 9 45 
104. Synthetic sea water..........} 24.0 Paid) 6 20 5 15 8 2D OK 
105 Medicine Lake, 8. D......... 25.0 4 20 9 00 6 40 10 50 OK 
106 Industrial sewage............| 24.0 5 00 yon sills) de tak) 11 50 OK 
107 Brewery WASUON 7: Seaeneoee 23.5 4. 00 8 50 6 30 10 30 OK 
108 Drainage: Canal saeny-ee ee 24.0 4 30 9 00 6 40 10 30 OK 
109 Soap works waste............] 24.0 4 20 8 40 7 10 {0/55 OK 
110 Gas.plantiwastes....0 acest. 24.0 | 5 05 9 05 7 00 10 50 OK 
111 Corn Products Co............ 24.5 5 30 9 20 30 11 15 OK 
112 “Bubbly Creek”’. . 24.0 4 25 8 50 \ fae A) 10: 35, OK 
113 Tan and dye liquor (tannery) . 24.0 4 50 8 50 7 10 10 30 OK 
114 Soakawatens :.iee:.caeeereeee 24.0 3 50 8 40 6 20 10 40 OK 
115 Lime soak (tannery)......... 23:5 4 00 8 00 v 45 11> 10, OK 
116 Paint manufacturing waste . 23.5 3°30 8 10 6 35 10 50 OK 
117 (10)* Spent plating bath........... 26.0 4 50 7°65 Be. £5 12 20 OK 
117 (20)*} Spent plating bath.. 27.0 5 45 Ae}; 8 05 13 00 OK 


* Percentage of Sample 117 mixed with Lake Michigan water. 


The following waters gave concrete strength-ratios below 85 per cent, 
hence are considered unsatisfactory: 


Acid waters, 
Lime soak from tannery, 
Refuse from paint factory, 


Waters containing over 5 per cent of common salt, 
Mineral water from Montrose, Colorado. 


Fresh waters were collected from city supplies and rivers and were 
such as would usually be accepted without question for mixing concrete. 


i 


& 


Taste 10.—Compression Tests or Concrere Using Impure MixIna 


WatTERS—SeERtes 137. 


4 by 8-in. concrete cylinders. 

Mix 1-4 by volume. 

Relative consistency 1.10; water-ratio 0.88; plasticity measured by means of flow table. 

Aggregate: sand and pebbles from Elgin, Ill., graded 0-24-in. 

Each value is the average of 5 or 6 tests made on different days. 

The values in parentheses are ‘Strength Ratios,” that is percentages of the average strength in Group 1 
or a given age and curing condition. 

See Figs. i to 3. : 


Compressive Strength, Ib. per sq. in. 

= ; e Cured in Moist 

=| Source of Mixing Water | Flow Cured in Moist Room Until Test Room 28 Days, 
s 2 Remainder in Air 
3 i 28 3 il A ie fees 
days | days | days | mo. | year | years | mo. | year | years 

Group 1.—FrnmsH WATERS 

2 | Lake Michigan........-. 212 960 | 1510 | 3160 | 4610 | 5650 | 5770 | 4730 | 4060 | 3620 
(100) | (94) | (102) | (106) | (104) | (112) | (109) | (104) | (108) 
50 | Lake Michigan........... 229 870 | 1480 | 3120 | 4000 | 5320 | 5750 | 4130 | 3970 | 2670 
(91) (89) | (101) | (92) (98) | (112) | (95) | (102) | (80) 
1 | Distilled water...........] 214 900 | 1630 | 3020 | 4560 | 5430 | 5250 | 43380 | 3750 | 3390 
(94) | (102) | (98) | (105) | (100) | (102) | (99) (96) | (102) 
49 | Distilled water...........| 218 950 | 1560 | 2780 | 3480 | 5390 | 3540 | 4400 | 3430 | 3320 
(99) (98) | (90) | (80) | (99) | (69) | G01) | (88) | (99) 
14 | City water, Coal City, Ill.| 216 990 | 1560 | 2870 | 4150 | 5140 | 5070 | 3800 | 3980 | 2790 
(103) | (98) | (98) | (96) | (94) | (99) | (87) | (102) | (84) 
Neaitinacy. Minne. scn.ce sos: 224 900 | 1550 | 2760 | 4160 | 5360 | 4770 | 4120 | 3790 | 3400 
(94) (97) | (90) | (96) | (8) | (93) | (95) | (97) | (102) 
17 | Marshall, Minn.......... 216 | 1020 | 1760 | 3140 | 4730 | 5740 | 5740 | 4540 | 3960 | 3710 
(106) | (110) | (102) | (109) | (105) | (112) | (104) | (102) | (111) 
18 | Dundee, Mich........... 214 | 1040 | 1700 | 3140 | 4690 | 5440 | 5640 | 4780 | 3940 | 3600 
(108) | (106) | (102) | (108) | (100) | (110) | (110) | (101) | (108) 
36 | Lake County, Ind........| 214 | [990 | 1620 | 3450 | 4610 | 5480 | 4340 | 4580 | 4120 | 3380 
ae (103) | (on) | (112) | (106) | (201) | (85) | (405) | (406) | (401) 
87 | Youghiogheny River.....| 214 930 | 1650 | 3400 | 4390 | 5540 | 5390 | 4100 | 3960 | 3540 
‘ 4 (97) | (103) | (110) | (101) | (102) | (105) | (94) | (102) | (106) 
IAVORR@E ote heeds 216 960 | 1600 | 3080 | 4340 | 5450 | 5130 | 4350 | 3900 | 3340 


(100) | (100) | (100) | (100) | (100) | (100) | (100) | (100) | (100) 


Group 2.—Minnesota Bog WarErs 


19 | Pale Face River......... 220 Be fon aa 4 as a oe ran a ae 
20 | Helwig Creek............] 217 a igs on aon ao) oO 
21 | Cloquet River..........- 217 G00) as ey ay (oe cay 
24 Dunkas Rivets a. ceae eo: 221 op as a 
22 | Stagnant pool..,.........| 218 ees aa en, an oS 
23 | Sulphur Dam, Byes irc meh 220 (3) (ap ae en ee Ge 
Oa Culp nur Damien a. = ss oO ca aay eo) ae bee 
SAVIEL AR Cae nays cheats 219 | 930 | 1720 | 3150 | 4440 | 5470 | 4920 


(97) | (107) | (102) } (102) | (100) | (96) 


45 


8 


Tests oF IMPURE WATERS FOR MrxinG CONCRETE. 


Taste 10.—Comrression Tests or Concrete Using Impure Mrxine 
Warers—Series 137 (continued). 


Compressive Strength, lb. per sq. in. 
2 F : R Cured in Moist 
3 Source of Mixing Water | Flow Cured in Moist Room Until Test eae Ee ce 
Ww 
3 7 28 3 1 2% | 3 1 24% 
days | days | days | mo. | year | years | mo. | year | years 
Group 3.—Sna Warer anp ALKALI WATERS 
S| Wear wateraicclceracnmerek: 209 | 1200 | 1700 | 2790 | 3470 | 4840 | 4230 | 4030 | 3880 | 3460 
(125) | (106) | (90) | (80) | (89), | (82) | (93) | (99) | (104) 
LGn| Seaawaterniravrtveeeraee ht 220 | 1180 | 1840 | 2650 | 3490 | 4600 | 4510 | 3600 | 3910 | 2980 
(123) | (115) | (86) | (81) | (84) | (88) | (83) | (100) } (89) 
4 | Synthetic sea water...... 214 | 1320 | 1490 | 2610 | 3640 | 4520 | 4520 | 3740 | 3750 | 3660 
(137) | (93) }| (85) | (84) | (83) | (88) | (86) } (96) | (110) 
5 | Great Salt Lake......... 200 | 1080 | 1460 | 2880 | 3300 | 3870 | 3360 | 3800 | 4090 | 3260 
(112) | (91) | (77) |, (76) | (71) | (65) | (87) | (105) | (98) 
26 | Devil’s Lake, N. D.......] 221 | 980 | 1730 | 3050 | 4180 | 5360 | 4620 | 4140 | 3560 | 3340 
(102) | (107) | (99) | (96) | (98) | (90) } (95) | (91) | (100) 
27 | Tile drain, Minn......... 216 | 1020 | 1720 | 3310 | 4650 | 5680 | 4690 | 4350 | 4240 | 3970 
(106) | (107) | (108) | (107) | (104) | (91) | (100) | (109) } (119) 
28 | Tile drain, N. Mex.......| 210 | 1210 | 1800 | 3160 | 4170 | 5420 } 5070 | 4620 | 3780 | 3590 
(126) | (112) | (102) | (96) | (100) | (99) | (106) | (97) | (107) 
29 | Tile drain, Colo..........| 213 | 1030 | 1780 | 3180 } 4340 | 5710 | 4910 | 4320 | 3910 | 3320 
(107) | (107) | (103) | (100) | (105) | (96) | (99) | (100) | (99) 
31 | Muddy Creek, Utah...... 219 | 1180 | 1480 | 2790 | 3880 | 5340 | 5010 | 4540 | 3660 | 3390 
(123) | (93) | (90) | (89) } (98) } (98) | (104) | (94) | (102) 
46 4\Prices Utaligaasseeniis or 233 | 1090 | 1490 | 2820 | 4190 | 4990 | 4450 | 4290 | 3500 | 3110 
(113) | (98) | (91) | (97) | (92) | (87) | (99) | (90) | (93) 
Average.............] 216 | 1130 |-1640 | 2870 | 3930 | 5030 | 4540 | 4140 | 3830 | 3410 
(118) | (102) | (92) | (91) | (92) | (88) | (95) | (98) | (102) 
, Group 4.—SoLurions or Common Sait 
6 | 1 per cent common salt...| 212 | 1070 | 1680 | 2600 | 3720 | 4710 | 4490 | 4030 | 3420 | 3700 
(111) | (105) | (84) | (86) | (86) | (87) | (93) | (88) | (111) 
7 | 2 per cent common salt...| 221 | 1210 | 1640 | 2710 | 3830 | 4660 | 4840 | 3640 | 3630 | 3240 
(126) | (102) | (88) | (88) | (86) | (94) | (84) | (93) | (97) 
8 | 5 per cent common salt...} 234 | 1120 | 1450 | 2310 | 2900 | 3940 | 4050 | 3360 | 3690 | 3670 
(117) | (90) | (75) | (67) | (72) | (79) | (77) | (95) | (110) 
9 | 10 per cent common salt..} 238 | 1030 | 1400 | 2100 | 2750 | 3650 | 3050 | 2850 | 3520 | 3250 
(107) | (87) | (68) | (63) | (67) | (59) | (66) | (90) | (97) 
10 | 15 per cent common salt..| 240 | 850 | 1200 | 2020 | 2840 | 3080 | 2880 | 2760 | 3640 | 3640 
a (89) | (75) | (65) | (65) | (57) | (56) | (63) | (93) | (109) 
11 | 20 per cent common salt..} 238 | 740 | 1130 | 1870 | 2660 | 3210 | 3150 | 2950 | 3450 | 3960 
(77) | (70) | (61) | (61) | (59) | (61) | (68) | (88) aut) 
Averages) b.rariise: 230 | 1000 | 1420 | 2270 | 3120 | 3880 | 3740 | 3260 | 3560 | 3530 
(104) | (88) | (78) | (72) | (71) | (73) | (75) | (91) | (106) 
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TaBiEe 10.—Compression Trsts or Concrete Using Impure Mrxina 
Waters—Serins 137 (continued). 


Compressive Strength, Ib. per sq. in. 


2 [ ; . Cured in Moist 
| Source of Mixing Water | Flow Cured in Moist Room Until Test Room 28 Days, 
| Remainder in Air 
3 uh 28 3 1 213 3 1 24 
days | days | days | mo. | year | years| mo. | year | years 
Grove 5.—Mine anp MIixpraL WATERS 
12 | Mineral water, Colo...... 220 | 1020 | 1600 | 2360 | 3590 | 4650 | 4780 | 3710 | 3240 | 2660 
(106) | (100) | (77) | (83) | (85) | (93) | (85) | (83) | (80) 
30 | Mine waters, Ariz........ 219 |; 870 | 1610 } 3090 
3 (91). | 101), | (100) 
32 | Loop Creek, W. Va...... 213 | 960 | 1670 | 3150 | 4440 | 5480 | 4500 | 4260 | 3810 | 3420 
(100) | (104) | (102) | (102) | (101) | (88) | (98) | (98) | (102) 
33 | Coal mine, Ill............] 219 | 1010 | 1630 | 3150 | 4020 | 5580 | 5260 | 4420 | 3630 | 3660 
(105) } (102) } (102) | (93) | (102) | (103) | (102) | (93) | (110) 
34. | 'Coal-mine, Il........... 215 | 1110 | 1660 | 3140 | 4420 | 5450 | 4080 | 4310 | 3390 | 3800 
(116) | (104) | (102) | (102) | (100) | (80) | (99) | (87) | (114) 
35 | Gypsum mine, Ia........ 222 } 1050 | 1700 | 3050 | 4560 | 5660 | 4690 | 4760 | 4040 | 3280 
(109) | (106) | (99) | (105) } (104) | (91) | (110) | (104) | (98) 
43 | Coal washery, Pa........ 230 | 1010 | 1600 | 2990 | 4470 | 5640 | 4780 | 3790 | 3720 | 3490 
(105) | (100) } (97) | (108) | (104) | (93) | (87) | (95) | (05) 
Average ousiencnies.< 220 | 1000 | 1640 | 2990 | 4250 | 5410 | 4680 | 4210 | 3640 | 3390 
(104) | (102) | (97) | (98) | (100) | (91) | (97) | (93) } (102) 
Group 6.—Waters Conrainina InpusTRIAL Wasra AND SHwAGE 
Alinois River.<cye cee 224 | 970 | 1490 | 2570 | 3690 | 4920 | 4650 | 3990 | 3590 | 3390 
A asa (101) | (3) | (83) | (85) | (90) | ¢91) | 2) | 2) | Go2) 
Lakehurst Air Station....| 214 | 880 | 1570 | 3050 | 4420 | 5560 | 4060 | 4440 | 3870 | 2960 
a aie (92) | (98) | (99) | (102) | (102) | (79) | (101) | (99) | (89) 
Monongahela River..... 217 | 940 | 1530 | 3070 | 4280 | 5360 | 4540 
id 2 (98) | (96) | (oo) | (99) | (8) | (88) 
40 | Refuse, oil refinery....... 182 | 6380 | 1840 | 2890 | 3820 | 4510 | 4880 


(66) | (115) | (94) | (88) | (83) | (95) 


Endicott, N. Y. (tannery) | 226 | 950 | 1370 | 2510 | 3740 | 4590 | 4190 | 3410 | 3480 | 2790 
7 gs Seis (99) | (86) | (81) | (86) | ($4) | (82) | (78) | (89) | (84) 


“Bubbly Creek,” Chicago | 226 | 1090 | 1540 | 2950 | 4330 | 5500 | 4790 | 4400°| 3540 | 3360 
a a 2 (114) | (6) | (98) | (100) | Cory | (94) | ox) | 1) | C00) 


Bt ONO vacate ease 224 | 1100 | 1820 } 2660 } 3890 | 4960 | 3950 | 4250 | 3790 | 2930 
cite (115) | (114) | (86) | (90) | (91) | (77) | (98) | (7) | (88) 
47 | Drainage Canal.......... 217 | 990 | 1540 | 3000 | 4210 | 5120 | 4810 | 4570 | 3740 | 3910 


(103) | (96) | (97) | (97) | (94) | (94) | (105) | (96) | (117) 


i I 
= ea pe pa aed: 219 | 940 | 1660 | 3030 | 4560 | 5660 | 4850 | 4290 | 4040 | 3500 


(88) | (104) | (98) | (105) | (104) | (95) | (99) | (104) | (105) 


41 | Allegheny River (high 


Pa en 222 | 900 | 1500 | 3000 | 4350 | 5730 | 3820 
Lees (94) | (94) | (97) | loo) | (105) | (74) 
Ayerigetier wees &: 217 | 940 | 1590 | 2870 | 4130 | 5190 | 4450 | 4190 | 3730 | 3260 


(98) | (99) | (93) } (95) | (95) | (87) } (96) | (95) | (98) 


Taste 11.—Tests or Concrere or Dirrrrent MrxrurEs—Series 138. 


Compression tests of 6 x 12-in. concrete cylinders. 
Mix by volume; relative consistency 1.00 


Aggregate: Sand and pebbles from 


Age at test, 28 days. ‘ " 
Bach value is the average of 10 tests made on different days unless otherwise noted. 
Values for compressive strength expressed in pounds per square inch. 


The values in parentheses are “Strength Ratios,” that is, percentages of the average s 


Elgin, Ill., graded 0 to 134 in. 


trength for fresh 


waters. 
See Fig. 4. 
_ Mixing Water Alef 1:5 1:4a $3 1:2 Average 
Water- Water- Water- Water- Water- Water- 
Ratio b Ratio b Ratio b Ratio b Ratio b Ratio b 
1.03 0.85 0.75 0.65 0.55— 0.77 
o 
g Source 
we Com- Com: Com- Com- Com- Com- 
Flow |PT&SS-| Flow |PTESS-| Flow |PPESS-| Flow |PZSS-| Flow |Press-| Flow |Press- 
ive ive ive ive ive ive 
Str. Str Str. Str. Str. Str. 
101 | Lake Michigan......... 151 | 1880) 178 | 3010} 181 | 3670) 187 | 4480] 187 | 5350) 177 | 3680 
102.) ‘Distilled 72.4 an-aee 144 | 1890] 158 | 3080] 171 | 3680] 176 | 4440] 174 | 5060} 163 | 3630 
103 | Distilled aerated....... 142 | 1900) 156 | 3070} 178 | 3700] 173 | 4600] 171 | 5100} 162 | 3670 
(Asyerageoe aac Ase 146 | 1890) 164 | 3050} 477 | 3680) 179 | 4510) 177 | 5170] 167 | 3660 
(100) (100) (100) (100) (100) (100) 
104 | Synthetic sea water....| 145 | 1840) 155 | 2820) 177 | 3290] 171 | 3980] 173 | 4670} 162 | 3310 
(97) (93) ‘ (89) (88) (90) (91) 
106 | Industrial sewage...... 154 | 1850] 168 | 3150) 184 | 3780} 169 | 4480) 182 | 5220) 171 | 3680 
(98) (103) (103) (99) (101) (100) 
107 | Brewery waste......... 157 | 1980) 178 | 3120) 194 | 3800] 180 | 4500} 196 | 5230} 181 | 3730 
(106) (102) (104) (100) (101) (102) 
108 | Drainage Canal........ 154 | 2150} 179 | 3230) 191 | 3870} 190 | 4390) 194 | 5300}. 180 | 3790 
(114) (106) (105) (97) (102) (103) 
109 | Soap works waste....... 162 | 1980] 176 | 3110} 193 | 3770) 190 | 4400} 190 | 5210] 181 | 3690 
(105) (102) (103) (98) (101) (101) 
110 | Gas plant waste........ 159 | 1870} 177 | 3050} 195 | 3630] 186 | 4290] 197 | 4880} 182 | 3540 
(99) (100) (99) (95) (94) (97) 
111 | Corn ProductsCo...... 156 | 1840} 163 | 3050] 184 | 3460) 184 | 4240} 179 | 4930) 171 | 3500 
(97) (100) (94) (94) (95) (96) 
112 | “BubblyCreek,” Chicago} 150 | 1980] 176 | 3030} 192 | 3720] 181 | 4370] 191 | 5050] 177 | 3630 
; (105) (99) (101) (97) (97) (99) 
113 | Tan and dye liquor 
(tamnery).......... 152 | 1880] 172 | 2990] 185 | 3630] 189 | 4440] 189 | 4950] 176 | 3680 
(99) (98) (99) (98) (96) (98) 
114 | Soak water (tannery)...| 157 | 1840] 170 | 2870] 187 | 3480] 187 | 4160] 184 | 4860] 177 | 3440 
(97) (94) (94) (92) (94) (94) : 
: 
115 | Limesoak (tannery)....| 178 | 1580} 200 | 2450} 211 | 3130] 212 | 3720] 203 | 4160] 201 | 3010 j 
: ; (83) (80) (85) (82) (80) (82) 
116 | Paint manufacturing 
Wastesetersccnisasnna 158 | 1660) 167 | 2730} 190 | 3210) 190 | 3580] 187 | 4620] 177 | 3160 
(88) (89) (87) (79) (89) (86) 
117 | Spent plating bath..... 139 | 2270] 131 | 3330} 148 | 3500] 141 | 4170] 145 | 4600] 139 | 3570 } 
(10) ¢ (120) (109) (95) (93) (89 ) (98) 
117 | Spent plating bath..... 139 | 2040] 124 | 3020] 136 | 3250] 149 | 3770] 153 | 4350] 140 | 3290. 
(20) c (108) (99) (88). (83) (84) (90) 
Average of impure | 154 | 1910] 168 | 2990] 183 | 3540] 180 | 4170] 188 4870 172 | 3490 
WADEISH. seers (101) (98) (96) (92) (95) (95) 


a Values are average of 30 tests from 3 groups; same values are given in Tables 12 and 13. 
b 10‘% more water was used for Sample 117 (20) due to quick stiffening of concrete. 
c Percentage of Sample 117 used with Lake Michigan water. 


TaBie 12.—Trsts or Concrete oF DirrerENT ConsiIstENncrEs—SERIES 138. 


Compression tests of 6 x 12-in. eylinders. 


Mix 1:4 by volume. 
Aggregate: Sand and pebbles from Elgin, Ill., graded 0 to 114 in. 
Age at test, 28 days. 
Each value is the average of 10 tests made on different days unless otherwise noted. 
The values for strength are expressed in pounds per square inch. 


The values in parentheses are “Strength Ratios,” that is, percentages of the average strength for fresh 


waters. 
See Fig. 5. 
ao EE DO oe a SE ee ee ee Fae 
Mixing Water 0:90 1:00a 1:10 1:26 1:50 Average 
Water- Water- Water- Water- Water- Water- 
Ratio ¢ Ratio ¢ Ratio c Ratioc Ratioc Ratioc 
rm 0.68 0.75 0.82 0.92 1.09 0.85 
e Source 
Ba Com- Com- Com- Com- Com- Com- 
Flow |PPESS-| Plow |PTESS-| Flow |PESS-| Plow |PP€SS-| Plow |Press-| Flow|press- 
ive ive ive ive ive b ive 
Str. Str. Str. Str. Str. Str. 
101 Lake Michigan......... 130 | 4300] 181 | 3670] 215 ; 3350] d 2850) d 1540) 172 | 3140 
102 Distilled Ase Rs mains 131 | 4170} 171 | 3680) 219 | 3270] ... | 2470) ... | 1620] 177 | 3040 
103 | Distilled aerated.......| 135 | 4140] 178 | 3700} 216 | 3420 2430 1600) 177 | 3060 
Average...........| 132 | 4200] 177 | 3680} 217 | 3350 2580 1590) 174 | 3080 
(100) (100) (100) (100) (100) (100) 
104 | Synthetic sea water... .| 136 | 3660] 177 | 3290) 205 | 2830 2240 1470} 174 | 2690 
(87) (89) (85) (87) (92) (87) 
106 | Industrial sewage....... 136 | 4110] 184 | 3780) 233 | 3280 2450 1580} 183 | 3030 
(98) (103) (96) (95) (100) (98) 
107 | Brewery waste......... 142 | 4250) 194 | 3800) 234 | 3360 2570 1580} 190 ; 3110 
(101) (104) (100) (100) (100) (101) 
108 | Drainage Canal........ 144 | 4380) 191 | 3870} 219 | 3470 2670 1530} 184 | 3180 
(104) (105) (104) (104) (96) (103) 
109 | Soap works waste....... 141 | 4230} 193 | 3770| 206 | 3330 2500 1550} 180 | 3080 
(101) (103) (99) (97) (97) (100) 
110 | Gas plant waste.......- 141 | 4000} 195 | 2630) 226 | 3210 2380 1520} 183 | 2950 
(95) (99) (96) (92) (96) (96) 
111 | Corn Products Co...... 136 | 3830) 184 | 3460) 226 | 3200 2510 1480} 182 | 2900 
(91) (94) (96) (97) (93) (94) 
112 | ‘‘BubblyCreek,’” Chicago] 141 | 4000} 192 | 3720) 228 | 3300 2500 1580] 187 | 3020 
: (95) (101) (99) (97) (100) (98) 
113 | Tan and dye liquor (tan- 
PNON Vie avalos wiatelene tee 133 | 4060} 185 | 3630} 220 | 3100 2260 1500} 178 | 2910 
(97) (99) (93) (88) (94) (95) 
114 | Soak water (tannery)...} 137 | 3890} 187 | 3480} 225 | 3900 2390 1370] 183 | 2840 
(93) (94) (92) (93) (86) (92) 
115 | Limesoak (tannery).... 158 3500] 211 | 3130] 243 | 2640 2030 1260} 202 | 2510 
: (83) (85) (79) (79) (79) (82) 
116 | Paint manufacturing 
WABUCUM Scio aie eters oo 141 | 3740] 190 | 3210] 233 | 2850 2150 1340} 188 | 2660 
(89) (87) (85) (83) (84) (86) 
117 | Spent plating bath..... 118 | 3790] 148 | 3500 169 | 3140 2510 1680} 143 | 2920 
(10) € (90) (95) (94) (97) (106) (95) 
117 | Spent plating bath..... 115 | 3910) 136 | 3250} 162 | 3160 2500 1650} 136 | 2890 
(20) e| (93) (88) (94) (97) (104) (94) 
Average of impure | 137 | 3950|°183 | 3540} 216 | 3130 2400 1570] 178 | 2900 
Water ster er eer (94) (96) (93) (93) (99) (94) 


a Values are average of 30 tests from 3 groups. Same values are given in Tables 11 and 13. 


b Flows average of relative consistencies, 0.90, 1.00, and 1.10 only. 


c 10% more mixing water was used for Sample 117 (20) due to quick stiffening. 


d Over limit of flow table. 


e Percentage of Sample 117 used with Lake Michigan water 
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Taste 13.—Tests or Concrete at DirreRENT AGES—SERIES 138. 


Compression tests of 6 x 12-in. concrete cylinders. 

Mix 1:4 by volume. : 

Relative consistency 1.00; water-ratio a 0.75. : 

Aggregate sand and pebbles from Elgin, Ill., graded 0 to 1}4-in. | 

Values for compressive strength expressed in pounds per square inch. : 

Each value is the average of 10 tests made on different days unless otherwise noted. 

The values in parenthesis are “Strength Ratios,” that is, percentages of the average strength for fresh 
waters. 


See Fig. 6. 
Mixing Water : Compressive Strength, lb. per sq. in. 
Flow 
Sample Source 3 days | 7 days |28 days b|3 months} 1 year {214 years 
101 Lake Michigan............. 181 1240 2150 3670 5350 6140 6200 
102 Distilled water 2 cn. 2. ee 171 1270 2240 3680 5340 6060 6680 
103 Aerated distilled............| 178 1170 1990 3700 5140 5810 6500 
AVeragérane ttt ne 177 1230 2130 3680 5280 6000 6460 
(100) (100) (100) (100) (100) (100) 
104 Synthetic sea water.........| 177 1590 2250 3290 4200 5260 5380 
(129) (106) (89) (79) (88) (81) 
105 Medicine Lake, S.D........ 141 1350 2170 3220 4430 5270 5950 
(110) (102) (88) (84) (88) (92) 
106 Industrial sewage........... 184 1230 2090 3780 5220 5910 6420 
(100) (98) (103) (99) (99) (99) 
107 Brewery waste..............| 194 1190 2080 3800 5290 5710 6060 
(97) (98) (104) (100) (95) (94) 
108 Drainage Canal.........:...} 191 1240 2170 3870 5200 6070 6480 
(101) (102) (105) (98) (101) (100) ‘ 
109 Soap works waste...........| 198 1260 2100 3770 5090 5910 6660 
(102) (99) (103) (96) (99) (103) 
110 Gas plant waste............ 195 1160 2000 3630 4860 5470 6260 
(94) (94) (99) (92) (91) (97) 
111 Corn Products Co........... 184 1220 2020 3460 4790 5460 6070 4 
(99) | (95) | (94) | (0) | (1) | (94) j 
112 “Bubbly Creek,” Chicago....} 192 1300 2130 3720 5160 5880 6340 
(106) (100) (101) (98) (98) (98) 
113 Tan and rye liquor (tannery) 185 1300 2070 3630 4960 5650 6270 { 
(106) (97) (99) (94) (94) (97) : 
114 Soak water (tannery)........ 187 1400 2150 3480 4730 5350 6090 
(114) (101) (94) (90) (89) (94) . 
115 Lime soak (tannery)......... 211 1230 1870 3130 4120 4900 5660 : 
(100) (88) (85) (78) (82) (88) 
116 Paint manufacturing waste...| 190 1110 1740 3210 4200 5210 5720 ’ 
(90) (82) (87) (80) (87) (88) 7 
117 (10)c] Spent plating bath.......... 148 1050 1880 3500 4580 5280 5610 : 
(85) (88) (95) (87) (88) (87) 3 
117 (20)c| Spent platiiig bath.......... 136 910 1840 | 3250 4630 5340 5580 
(74) (86) (88) (88) (89) (85) } 
Average of impure waters] 181 1230 2040 3510 4760 5500 6040 
(100) (96) (95) (90) (92) (98) 


a 10 per cent more mixing water was used for Sample 117 (20), due to quick stiffening. 
b Values are average of 30 tests made from three groups. Same values are given in Tables 11 and 12. 
c Percentage of Sample 117 used with Lake Michigan water. 


a 
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TaBLE 14.—Txsts or 1:3 Sranparp Sanp Morrars—Suring 138. 


Compression tests of 2 x 4-in mortar cylinders and tension tests of briquets. 

_ Tests made in accordance with Standard Specifications and Tests for Portland Cement of the American 
Society for Testing Materials. 

Specimens stored in water until test; tested damp. 

Each value is the average of 5 tests made on different days. 
hel values in parentheses are “Strength Ratios,” that is percentages of the average strength for fresh 


if =| Tensile Strength, Compressive Strength, 
Mixing Water Ors Ib. per sq. in. Ib. per sq. in. 
5.0 (Briquets) (2 by 4-in. Cylinders) 
BI RE 
= ee y 

sg 3S 28 3 1 )}2%] 3 7 28 3 1 | 2% 
3 Meets = | days| days days] mos.} yeat|years| days] days] days} mos.} year]years 
101 Lake Michigan...... 112]10.5} 215 | 255 | 375 | 410 | 415 395° 1060 1700 2800 3550 3730 "3840 
102 | Distilled water... . 114]10.5] 220 | 290 | 400 | 380 | 420 | 390 | 1170] 1810] 2920] 3760] 4130] 4140 
103 | Distilled aerated. ... .|112]10.5] 235 }| 260 | 400 | 400 | 430 | 395 | 1190] 1520] 2630] 3840] 4370} 3680 
Average. ...|113]10.5] 220 | 270 | 390 | 395 | 420 | 395 | 1140] 1680] 2780] 3720] 4080] 3890 


(100)| (100) | (100) | (100) | (100) | (100) | (100) } (100) | 100) | (100) }(100)}(100) 


104 | Synthetic sea water. .|115/10.5} 225 | 280 | 370 | 370 | 400 | 400 | 1320] 1740] 2660] 3470] 3680] 3510 
(102)}(104)} (95) } (94) | (95) |(101)}(116)}(104)] (96) | (98) } (90) | (90) 


105 | Medicine Lake, 8. D.}110]10.7| 230 | 300 | 415 | 425 | 420 | 395 |:1300] 1870} 2730] 3680] 3930] 3990 
(105) |(111)](106)|(108) | (100)|(100)}(114)}(111)} (98) | (99) | (96) |(103) 
106 | Industrial sewage... .|114]10.5] 225 | 285 | 375 | 390 | 400 | 395 | 1100) 1550] 2810} 3640] 4310] 3320 
(102)|(106)| (96) ; (99) | (95) }(100)} (96) | (92) |(101)] (98) }(106)} (85) 


107 | Brewery waste...... 113|10 .5} 220 | 290 | 360 | 390 | 390 | 395 | 1180} 1750} 2800} 3950} 4440] 3900 
(100)}(107)| (92) | (99) | (93) |(100)} (104) | (104) | (101) | (106) | (109) | (100) 


108 | Drainage Canal...... 112]10.5} 210 | 270 | 365 | 390 } 390 | 370 | 1080} 1650} 2700) 3740] 4290] 3480 
(95) |(100)} (94) } (99) | (93) | (94) | (95) | (98) | (97) |(101)}(105)} (90) 


109 | Soap works waste. ...]116]10.5} 210 | 265 | 370 | 410 | 430 | 365 | 1070) 1660} 2810} 3530] 3980] 3870 
(95) | (98) | (95) |(104)}(102)} (92) | (94) | (99) }(101)} (95) | (97) | (99) 


110 | Gas plant waste. ... .}114]10.5] 210 | 280 | 365 | 400 | 385 | 370 | 1040] 1760} 2720) 3680] 4090] 3620 
(95) |(104)| (94) |(101)} (92) | (94) | (91) |(105)} (98) | .99) }(100)} \93) 


111 | Corn Products Co. . .|115/10.5] 210 | 275 | 360 | 410 | 365 | 385 | 1190] 1820] 2650] 3760} 4060) 3180 
(95) |(102)} (92) |(104)} (87) | (97) |(104)}(108)] (96) |(101)} (99) | (82) 


112 | “Bubbly Creek.” 
Chicago..25 s:.... 114}10.5} 200 | 265 | 350 | 420 | 385 | 375 | 1110 


(91) | (98) | (90) |(106)} (92) | (95) | (97) 


1640] 2710} 3580} 3980) 3820 
(98) | (97) | (96) | (97) | (98) 


113 | Tan and dye liquor 


(tannery).........]116/10.5] 225 | 280 | 380 | 420 | 420 | 365 | 1130} 1800] 2550] 3380) 3540) 3770 


(102)}(104)| (97) |(106)} (99) } (92) | (99) 1(107)} (92) | (91) | (86) | (97) 


114 | Soak water (tannery) |112/10.5} 225 | 285 | 345 | 400 | 405 | 385 } 1230} 1860] 2710) 3130) 3570] 3790 
(102)|(106)| (88) |(101)| (96) | (97) }(108)}(111)} (97) | (84) | (87) | (97) 


115 | Lime soak (tannery) .|135/10.5] 210 | 265 | 320 | 340 | 355 | 385 | 1140] 1760] 2380) 3210) 3530) 3140 
(95) | (98) | (82) | (86) | (85) | (97) |(100)}(105)} (86) | (86) | (86) | (81) 


116 | Paint manufacturing 
WASLE I Gorasuiels gers 114/10 .5] 220 | 270 | 365 | 350 | 400 | 405 | 1 780} 2890] 3550] 3970] 3570 


4 190} 1 
(100)}(100)| (94) | (89) (95) (102)| (104) | (106) | (104)} (95) | (97) | (92) 


~ 117 | Spent plating bath. ../106/11.0] 180 | 270 | 370 | 440 | 420 | 365 | 1270) 1830] 3030) 3870} 4460) 4380 
(20)a (82) }(100)] (95) }(111)](100)} (92) }(111)] (109) | (109) | (104) | (109) | (113) 
117 | Spent plating bath...)111]10.8) 210 410 | 430 | 435 | 385 | 1250) 1880] 2720] 3960] 4420] 4220 


285 
(10)a (95) |(106)| (105)| (109) |(104)} (97) |(110)|(112)] (98) |(106)|(108) | (109) 


Average of impure 
waters..........]114]10.5] 215 | 260 | 365 | 400 | 396 | 380 | 1170) 1760] 2720) 3600] 4020] 3710 
(98) 1(104)} (94) !(101)| (94) | (96) 1(103)}(105)1 (98) | (97) } (99) | (95) 


a Percentage of Sample 117 used with Lake Michigan water. 
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In Series 137, 8 samples may be so classified. Tests on Lake Michigan and 
distilled water were repeated in different portions of the investigations. 

Considerable difficulty was experienced in classifying some of the sam- 
ples; for instance, Sample 37 form Youghiogheny River, Pa., was said to 
contain sewage and industrial wastes, but the analysis showed it to be 
remarkably free from impurities, hence it was grouped with the fresh 
waters. 

In each series the average strength of conerete made from the fresh 
waters was used as a basis for studying the values from impure waters 
(Table 15). The percentages secured in this way are referred to as the 
“strength-ratios” of the concrete for a given mix, age, curing condition, ete. 


TasuE 15.—SumMary or Tests or ConcretE Mixep with FRESH WATER. 


Mix, 1:4 by volume. See Tables 10 and 13 and Figs. 3 and 6. 
For data on other mixes and consistencies using fresh water see Tables 11 and 12. 


Series 137—Relative Consistency 1.10 


Compressive Strength, lb. per sq. in. 


Curing Condition 


3 days | 7 days | 28 days |3 months] 1 year | 214 years 


IMoistToonl.<e.an cee rarer oe cee 960 1600 3080 4340 5450 5130 
es ae eink 4350 3900 3340 


Series 138—Relative Consistency 1.00 


Moist room. Ss uct aon A comic ee aes 1230 2130 


3680 | 5280 | 6000 | 6460 


The two series have one group of tests in which the concrete was 
quite similar, that is, the 1: 4 mix, relative consistency 1.10, tested at 28 
days; strengths of 3080 and 3350 lb. per sq. in. were obtained for Series 
137 and 138, respectively. This is a satisfactory agreement, considering 
that a smaller size of test piece and a smaller aggregate were used in the 
first series, and that the concrete was mixed from different lots of materials 
about 9 mo. apart. 

The higher strengths in Series 138 (Table 15) may be attributed prin- 
cipally to the drier consistency used. 

The 8 different samples of fresh water in Series 137 gave essentially 
the same results throughout the period covered by the tests, that is, 3 days 
to 21/3 yr.; the mean variation of the samples from the average was 
about 5 per cent. 

Distilled Water gave concrete strengths essentially the same as other 
fresh waters; the slight discrepancies which occur in a few instances may 
be attributed to accidental variations in the tests. 

Impure Waters——Comments on a given type of water are grouped 
together and refer to both series of tests. In genera] comparisons are made 


ae alae 
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on the basis of the strength-ratios as compared with the average of the 
fresh waters used in the same mixes, etc., in the same series. 

The average concrete strengths and strength-ratios of each of the 6 
groups of waters tested at different ages in Series 137 are plotted in Fig. 3. 
Similar data for each of the samples in Series 138 are shown in: 


Fig. 4 Effect of Quantity of Cement, 
Fig. 5 Effect of Consistency of Concrete, 
Fig. 6 Effect of Age of Concrete. 


Bog Waters.—7 samples of bog waters which were thought to be un- 
suitable for mixing concrete were collected in Minnesota. The chemical 
analyses of these waters showed only small quantities of foreign matter; 
the total solids was frequently lower than in Lake Michigan water. In 


TasLe 16.—STRENGTH-RatTios oF Concrete Mrixrep with Spa WATER AND 


SYNTHETIC SEA WATER. 


Mix 1:4 by volume, unless otherwise noted. 
Relative consistency 1.10 for Series 137 and 1.00 for Series 138, unlese otherwise noted. 
For details, see Tables 10 to 13; also Figs. 4 to 6. 


Sea Water Synthetic Sea Water 
Sample 4—Series 137 Sample 104—Series 138 
Samples 3 and 16 
Series 137 
Moist Room Curing 
Age at | Moist | jinx - 
Ageat |Moist| ,., Test | Room Age at |Strength|| Mix by {Strength || Relative | strength 
Test |Room | Alt Test Ratio ||Volume] Ratio yas Ratio 
3 days 124 af 3 days 137 a 3 days 129 1:7 97 0.90 87 
7 days 110 sis 7 days 93 - 7 days 106 1:5 93 1.00 89 
28 days 88 .. || 28 days 85 .. | 28 days 89 124 89 1.10 85 
3 months 80 | 88 |3 months 84 | 86 ||3 months 79 1:3 88 1.25 87 
1 year 86 | 100 | 1 year 83 96 || 1 year 88 1:2 90 1.50 92 
214 years 85 | 96 || 214 years 88 | 110 || 214 years 81 


* Moist room 28 days; remainder in air. 


general, these waters gave good results in concrete at all ages (See Table 
10 and Fig. 3). The average strengths for individual waters did not often 
vary more than 10 per cent from the average for the fresh waters. The 
mean variation from the average concrete strength for the fresh waters at 
a given age was about 6 per cent. 

Alkali Waters include all the samples in Group 3 and 4 of Series 137, 
synthetic sea water and water from Medicine Lake in Series 138. For 
convenience the discussion of the tests will be presented under the follow- 
ing headings; sea water, synthetic sea water, Great Salt Lake, Devil’s 
Lake, Medicine Lake, waters from tile drains and small streams in sulphate 
districts and solutions of common salt. Some of the mine and mineral 
waters (Group 5, Series 137) showed a higher sulphate content than cer- 
tain samples in Group 3, but it seemed best to preserve this classification. 
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Tasie 17.—Srrencru-RatTios FoR Concrete Mrixep witH WATER FROM - 


Tests or ImpuRE Waters ror MIxINnG CONCRETE. 


Cuicago DRAINAGE CANAL AND IuLuINoIs RIVER. 


Mix 1:4, by volume. ' ‘ 
Series 137 was begun Aug., 1920; Series 138, April, 1921. 
For details see Table 10; also Fig. 6. 


Strength-Ratio, per cent 


Illinois River 


Chicago Drainage Canal 


Age at Test a 
Sample 13 Sample 47 Sample 108 
Series 137 Series 137 Series 138 

Moist Room Air Moist Room Air Moist Room 
Seday ss Mca eutac ele camer ee aan 101 ie 103 a 101 
TOSVRUC LN en on em eae 93 ster ee 96 Ah 102 
DSA VS TNE ecu Riane ick haere 83 “0 97 ne 105 
SMONUDS 15,6 ieee = ucltepiaatejers 85 92 97 105 98 
EVeat di fe ete ta ntiges colar aeots 90 92 94 96 101 
DUGSVEOYS ence ante t eee asain eae elie 91 102 94 117 100 


TaBLE 18.—SrRENGTH-RATIOS OF CoNCRETE MIxEpD WITH TANNERY 


For details see Tables 10 to 13, also Fig. 4 to 6. 


WASTES. 


Relative Water- 


Strength-Ratio, per cent 


Series 137 


Series 138 


* Relative consistency 1.10; see Table 10. 


Mix Consistency Cement | Age at Test 
Ratio 
Tannery Waste|/Tan and Dye |Soak Water | Lime Soak 
(42) Liquor (113) (114) (115) 
doe een 1.00 1.03 28 days 99 97 83 
WS5G Nokes 1.00 0.85 28 days 98 94 80 
Le Be oA 1.00 0.75 28 days 99 94 85 
1s 3 ete 1.00 0.65 28 days 98 92 82 
1325.2 1.00 0.55 28 days 96 94 80 
NGS Bc 0.90 0.68 | 28 days = oH 93 83 
1 1.00 0.75 28 days 99 94 85 
he See 1.10 0.82 28 days 93 92 79 
TIP ener 1.25 0.92 28 days 88 93 79 
V4) aegis 1.50 1.09 28 days 94 86 79 
‘le 1.00 3 days 99* 106 114 100 
te 1.00 7 days 86* 97 101 88 
ils 1.00 28 days 8i* 99 94 85 
le 1.00 3 months 86* 94 90 78 
ip 1.00 1 year 84* 94 89 82 
1: 1.00 2% years 82* 97 94 88 


| 
| 
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TaBLe 19.—SrrencrH-Ratios or Concrete MrxEp with WATER FROM 
“BUBBLY CREEK” 
Mix 1:4; age at test, 28 days, unless otherwise noted. 


Moist-room curing, unless otherwise noted. 
For details see Tables 10 to 13, also Fig. 4 to 6. 


Sample 44—Series 137 Sample 112—Series 138 
Strength-Ratio, : : 
per cent trength- Strength- |} Relative | Strength- 
nee 1 a Ratio, Mix Ratio, Consist- Ratio, 
es) per cent per cent ency per cent 
Moist Room| Air 
3S day80ae..5 114 Fie 3 days 106 118Y/ 105 0.90 95 
@days.s oe. 96 ae 7 days 100 lpia 99 1.00 101 
28 days...... 96 oa 28 days 101 1:4 101 1.10 99 
3 months. ... 100 101 3 months 98 1:3 97 125 97 
veares 2. 101 91 1 year 98 1:2 97 1.50 100 
21% years.... 94 100 214 years 98 


TABLE 20.—STRENGTH-RatTiIos oF ConcRETE MIxep witH WASTE FROM 
Corn Propucts Co.’s PLANT. 


Sample 111, Series 138. See Tables 11 to 13 for details; also Fig. 4 to 6. 
Mix 1:4; relative consistency 1.00; age at test, 28 days, unless otherwise noted. 


Strength- ati Strength- Strength- 
Mix Ratio, eee Ratio, || Ageat Test | Ratio, 

per cent per cent per cent 
1 OS ae AA SE re as, a See 97 0.90 91 3 days 99 
AE cere Re hi a Re MIN Ly eh OS oh eteete scn ee 100 1.00 94 7 days 95 
Hae re Acta yee lel lets ce tiettusesig ge castorate’ 94 1.10 96 28 days 94 
Oe aes Aine ome Orne aa te te Garren 94 1.25 97 3 months 90 
IE?) set ine tea Ae useheaa ty APC en oot 95 1.50 93 1 year 91 
21% years 94 


TaBLp 21.—Srrenetru-Ratios oF Concrete Mixrp with WASTE FROM 
Paint Facrory. 


Sample 116, Series 138. ‘See Tables 11 to 13 for details; also Fig, 4 to 6. 
Mix 1:4; relative consistency 1.00; age at test, 28 days, unless otherwise noted. 


Strength- : Strength- Strength- 
Mix Ratio, Relative Ratio, || Ageat Test | Ratio, 

per cent || Consistency | per cent per cent 
LT AR otlien fo Seb nerate yaaa vise, « Saree er) shore 88 0.90 89 3 days 90 
Meee aerate ces esac tasen Reet yes es oyse cl 89 1.00 87 7 days 82 
Sete ero tr cents mae eect oak Chee ent 87 1.10 85 28 days 87 
Tie hoe a8 Aare Oper tr: teacher aie 79 1.25 83 3 months 80 
I i Re a PW Ie ie i Bene, safe Sia i 89 1.50 84 1 year 87 
; 21% years 88 
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Sea Water.—Series 137 included tests on 2 samples of sea water col- 
lected from different points on the New Jersey coast. These samples were 
handled separately throughout. The average strength-ratios are given in 
Table 16. For sake of comparison the values for synthetic sea water are _ 
included. 

Sea ‘water (and synthetic sea water) had an accelerating effect on the 
early hardening of concrete as shown by the strength-ratios of 124 per cent 
to 137 per cent at 3 days. At an age of about 10 days, the strength was 
equal to that of fresh water; from 28 days to 21/3 yr., the strength-ratios 
ranged from 80 to 88 per cent for moist-room curing. The specimens cured 
in moist room for 28 days and remainder in air showed a decided recovery 
as indicated by the strength-ratios of 88, 100, and 96 per cent at 3 mo., 
1 and 21/3 yr. Sea water gave normal results in the time of setting tests. 


TABLE 22.—SrrencTuH-Ratios oF Concrete Mixep witrH Acip WATERS. 


Sample 117, Series 138. See Tables 11 to 13 for details; also Fig. 4 to 6. 
Mix 1:4; relative consistency 1.00: age at test, 28 days, unless otherwise noted. 
10 and 20 per cent refer to quantity of acid water mixed with water from Lake Michigan. 


Strength-Ratio Strength-Ratio Strength-Ratio 
vere per cent Relative per cent Neeat Test per cent 
Consistency 

10 20 10 20 10 20 

iy fone ae eee 120 108 0.90 90 93 3 days 85 74 
SL AO tire ots ats otayote Ae 109 99 1.00 95 88 7 days 88 86 
te ROU O LEM a eS 95 88 1.10 94 94 || 28 days 95 88 
TS Srae Setansard fiers 93 83 1.25 97 97 || 3 months 87 88 
1S Doe ctetivdees Seas 89 84 1.50 106 104 || 1 year 88 89 
2% years 87 85 

u 


Synthetic Sea Water.—A 3.5 per cent solution of salts consisting prin- 
cipally of sodium chloride and magnesium sulphate in fresh water is fre- 
quently used in experimental work as a substitute for natural sea water. 
(For analysis, see Tables 2 and 4.) The parallel tests for moist-room 
curing in Series 137 and 138 show a close agreement considering that 
different lots of materials were used, etc. The specimens cured in air 
showed about the same increase in strength-ratios as the natural sea water. 
Tables 11 and 12 show that neither mix (quantity of cement) nor the con- 
sistency of the concrete (quantity of mixing water) exerted much influence 
on the strength-ratios of concrete made from synthetic sea water at 28 
days. ‘The strength-ratios are summarized in Table 16. Synthetic sea 
water produced the same effect in concrete as natural sea water. 

Numerous instances are on record in which sea water was used in 
mixing concrete with apparently good results; however, experienced engi- 
neers are practically unanimous in the belief that sea water should not 
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be used for mixing in reinforced-concrete work, particularly in the tropics.* 

Great Salt Lake Water (Sample 5) contained about 20 per cent of 
“salts in solution. Analyses of this water reported by different authorities 
show concentrations ranging from 14 to 27 per cent.y In general the salts 
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FIG. 1.—E£FFECT OF SO, IN MIXING WATER ON THE STRENGTH OF CONCRETE. 
(Data from Series 137.) 


Compression tests of 4 x 8-in. concrete cylinders, cured in moist room. Mix 
1:4 by volume; relative consistency 1.10; aggregate graded 0-%4-in. Cement: a 
mixture of 5 brands of portland cement purchased in Chicago. Each value is 
the average of 5 or 6 tests made on different days. 


*See “Concrete Viaducts on the Key West Extension of the Florida Hast 
Coast Railway,’ by G. P. Carver; Eng. Record, Oct. 20, 1906. 

“Bad Effects Resulting from Use of Salt Water in Reinforced-concrete Struc- 
tures Built in Tropical Countries,’ by J. L. Harrison; Abstract Eng. News, 
v. 76, p. 1047, Nov. 30, 1916. 

+“Data on Geochemistry,” by F. W. Clarke, Bull. 695, U. 8. Geological Sur- 
vey, 1920. 
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” 


Strength-Rotio - percent 


a Moist room curing 


ON 2h 36H SOIC ah 2 a Lien CR OME 
Salt in Mixing Water - percent by weight 


VIG, 2,—EFFECT OF COMMON SALT IN MIXING WATER ON THE STRENTH 
OF CONCRETE. ‘ 
(Data from Series 137.) 


Compression tests of 4 x 8-in. concrete cylinders. Mix 1:4 by volume; rela- 
tive consistency 1.10; aggregate graded 0-%-in. Bach value is the average 
of 5 or 6 tests made on different days. 
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consisted of sodium chloride, although magnesium and calcium salts and 
sulphates were present. The strength-ratios were 112, 91, 77, 76, 71 and 
65 per cent at 3, 7 and 28 days, 3 mo., and 1 and 21/8 yr., respectively. 
This water is not considered satisfactory for mixing concrete, unless we 
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VIG. 3.—EFFECT OF TYPE OF MIXING WATER ON THE STRENGTH OF CONCRETE, 
(Data from Series 137.) 
Compression tests of 4 x 8-in. concrete cylinders. Mix 1:4 by volume; rela- 
tive consistency 1.10; aggregate graded 0-%-in. Bach yalue is the average 
for all of the waters in a given group. 


take into account the fact that the concrete strength will be reduced to 
about 70 per cent of normal. 

Devil’s Lake Water, N. D. (Sample 26) contained about 0.4 per cent 
of salts in solution, largely sodium sulphate and sodium chloride in about 
equal amounts. This water gave strength-ratios of 102, 107, 99, 96, 98 and 
90 per cent for the ages mentioned above. 
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Medicine Lake Water, S. D. (Sample 105) consists of about 3.5 per 
cent solution of sulphates, largely magnesium and gave strengths about 
the same as sea water. The strength-ratios were 110, 102, 88, 84, 88 and 
92 per cent. 
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FIG. 4.—EFFECT OF QUANTITY OF CEMENT ON THE STRENGTH OF CONCRETE 
MIXED WITH IMPURE WATERS. 
(Data from Series 138.) 


Compression tests of 6 x 12-in. concrete cylinders, cured in moist room. Mix 
by volume; relative consistency 1.00; aggregate graded 0-1% in. Cement: a 
mixture of 5 brands of portland cement purchased in Chicago. Age at test 28 
days. In general, each value is the average of 10 tests made on different days. 


Waters from Tile Drains and Small Streams in Alkali Districts — 
Samples of water from tile drains and small streams were collected in the 


alkali districts of Minnesota, Colorado, Utah and New Mexico. (5 samples 
from Group 3, Series 137.) The SO, content of these waters ranged from 
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FIG. 5.—EFFECT OF CONSISTENCY ON THE STRENGTH OF CONCRETE 
MIXED WITH IMPURE WATERS. 


(Data from Series 138.) 


Compression tests of 6 x 12-in. concrete cylinders, cured in moist room. Mix 
1:4 by volume; aggregate graded 0-1% in. 


each value is the average of 10 tests made on different days. 


Age at test 28 


days. 


In general, 
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FIG. 6.—EFFECT OF AGE ON THE STRENGTH OF CONCRETE MIXED WITH 
IMPURE WATERS. 
(Data from Series 138.) 


Compression tests of 6 x 12-in. conerete cylinders, cured in moist room. Mix 
1:4 by volume; relative consistency 1.00; aggregate graded 0-1% in. In gen- 
eral, each value is the average of 10 tests made on different days. 
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1060 to 7700 parts per willion. These samples gave satisfactory concrete 
strengths at ages up to 21/3 yr.; the average strength-ratios were 115, 


103, 99, 98, 100 and 94 per cent. The values for air-curing were some- 
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FIG. 7.—EFFECT OF QUANTITY OF MIXING WATER ON THE STRENGTH OF 
CONCRETE. 
(Data from Series 138.) 


Compression tests of 6 x 12-in. conerete cylinders, cured in moist room. Mix 
by volume; aggregate graded 0-1% in. Age at test 28 days. In general, each 
value is the average of 380 tests. 


what higher than for moist-room curing. The lowest values were found for 
Samples 31 and 46 from Utah. 

Effect of SO, Content of Mixing Water.—In Fig. 1 a study has been 
made of the relation between the strength of 1: 4 concrete and the SO, 
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content of the mixing water for all the samples in Series 137. The dia- 
gram shows that, on the whole, little or no ill effects are produced by 
sulphates until the concentration of SO, in mixing water reaches 1.0 per 
cent. For 0.5 per cent the average reduction in strength as shown by the 
curves was 4 per cent; a concentration of 1 per cent (10,000 parts per 
million) was required to produce a reduction in strength of concrete of 
more than 10 per cent. 

Solutions of Common Salt.—Tests were made using solutions of com- 
mon salt (sodium chloride) in concentration up to 20 per cent as mixing 
water. Tests were made at ages of 3, 7 and 28 days, 3 mo., 1 and 2.1/3 yr. 
for specimens cured in moist room and at ages of 3 mo., 1 and 2 1/3 yr. 
for specimens cured 28 days in moist room and remainder in air. Con- 
centrations of 1 and 2 per cent of common salt produced a slight increase 
in strength at early ages; at later ages the strength-ratios were below 
par,” 
in Figs. 2 and 3. There was quite a wide difference due to curing condi- 
tions. For moist-room curing, even for the low concentrations, the 
strength-ratios decreased rapidly as the concentration was increased and 
as the age at test increased. Concentrations of 5, 10, 15 and 20 per cent 
salt, gave strength-ratios at 28 days of 75, 68, 65 and 61 per cent; the 
ratios at ages of 3 mo. to 21/3 yr. were in general still lower. 

The tests on air-cured specimens gave results at variance with those 
secured for moist-room curing; at ages of 1 and 21/3 yr. the strengths 
for air-curing compared favorably with that of the fresh water. 

There is an old rule for concrete work in cold weather to the effect 
that freezing of concrete can be prevented by adding to the mixing water 
1 per cent of salt for each degree Fahrenheit below the freezing point. 
Such a rule is to be found in many text-books published during the past 
40 years.” 

The following values} indicate the freezing point of water containing 
different quantities of common salt: 


oe 


even for these low concentrations. Data of the tests are plotted 


Saltin Water Freezing Point Strength-Ratios 
Per Cent by of Solution of Conerete 
Weight ie 7 days 28 days to 21/3 yr. 
0 32.0 : 100 100 
I 30.5 104 93 
2 29.3 1038 85 
5 25.2 94 ue 
10 18.7 84 66 
20 6.1 75 60 


*This rule is attributed to Tetmajer, by Taylor and Thompson; see “Con- 
erete Plain and Reinforced,” 1916, p. 287. 
7‘Mechanical Engineers Handbook,” by Marks. 
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The strength-ratios are from the curves for moist-room curing in 
Fig. 2. 

Five per cent of common salt lowers the freezing point of water about 
6° F., but reduces the strength of the concrete nearly 30 per cent. Due to 
the serious reduction of strength by solutions of common salt, their use 
in mixing water should not be permitted. 

Mine and Mineral Waters.—7 samples of water were collected from 
mines in Arizona, Hlinois, lowa, Pennsylvania, West Virginia and from a 
mineral spring in Colorado. Chemical analyses of these waters showed 
them to contain solids ranging from 400 to 4640 parts per million. It is 
interesting to note that pumpage waters from coal and gypsum mines made 
good concrete. The only water in this group which gave abnormal values 
was Sample 12, from a mineral spring in Montrose, Colo. This water was 
highly carbonated when discharged. Its strength-ratios were 106, 100, 77, 
83, 85 and 93 per cent. The other waters gave approximately normal 
strengths. 

A mine water (Sample 30) from Bisbee, Arizona, and Sample 32 from 
Loop Creek, W. Va., which receives pumpage from 24 coal mines, showed 
a lower proportion of impurities than some of the fresh waters from city 
water supplies and for this reason might have been included with the 
fresh waters. Whether these samples are so included makes little differ- 
ence since their strength ratios were practically 100 per cent. 

Sewage and Industrial Wastes—The waters in Group 6, Series 137, 
have been classified under this heading, as well as most of the waters in 
Series 1388. These waters may be divided into those containing sanitary 
sewage and miscellaneous industrial wastes. The waters containing san- 
itary sewage are discussed below under: Chicago Drainage Canal, Illinois 
River Water and Monongahela River Water. Undoubtedly many of the 
waters listed under Industrial Wastes contained sanitary sewage, but they 
are primarily carriers of wastes from manufacturing plants. 

Chicago Drainage Canal carries Chicago’s sewage, diluted with flow 
from Lake Michigan. This water (Samples 47 and 108) was tested in 
both Series. The chemical analyses showed both samples to be low in 
solids. In both series of tests this water gave concrete strengths about the 
same as the fresh waters. ; 

Illinois River Water (Sample 13) was collected near Marseilles. In 
spite of the fact that this stream carried Chicago’s sewage, the chemical 
analysis shows comparatively little foreign matter; the total solids were 
less than for many of the fresh waters. The concrete tests using this 

-water gave results not materially different from the fresh waters; while 
strength-ratios as low as 83 per cent were obtained at 28 days, it is proba- 
ble that these variations were more or less accidental, since the ratios 
increased at 2 1/3 yr. to 91 and 102 per cent for moist room and air curing. 
Strength-ratios for waters from the Chicago Drainage Canal and Illinois 
River are summarized in Table 17. 

Monongahela River Water (Sample 39) was comparatively free from 
foreign material and gave strengths approximately normal. 
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Allegheny River Water (Samples 41 and 48) gave strengths approxi- 
mately normal. There was no essential difference in the results obtained 
from the low water and high water samples. 

Industrial Wastes.—Waters carrying concentrated wastes from many 
different industries were tested in both Series. The tests are discussed 
under: 

Refuse from oil refinery, 

Tannery wastes, 

Waters from “Bubbly Creek”, Chicago, 
Brewery waste, 

Soap works waste, 

Gas plant waste, 

Waste from Corn Products Refining Co., 
Paint factory waste, 

Acid waters, 

Miscellaneous wastes. ~ 


Refuse from Oil Refinery from Franklin, Pa., (Sample 40) contained 
large quantities of chlorides, sulphates, calcium and magnesium. The 
strength-ratios were 66, 115, 94, 88, 83 and 95 per cent. The low value at - 
3 days is explained by the extremely slow setting of the cement; Table 8 
shows that initial setting was delayed to about 10 hr. and final setting to 
over 36 hr. Normal consistency of the cement with this sample was 26 
per cent as compared with 22.5 per cent for fresh waters. 

Tannery Wastes.—Three samples of waste from a tannery in Chicago 
were tested in Series 138; Sample 42 in Series 137 from Endicott, N. Y., 
probably contained tannery wastes. The principal impurities appear to be 
calcium chloride and small quantities of sulphates. The strength-ratios 
for these samples are summarized in Table 18. Tan and dye liquor (Sample 
113) gave strength-ratios of from 96 per cent to 99 per cent for concrete 
mixtures of 1: 7 to 1:2 at 28 days. For relative consistencies of 0.90 to 
1.50 in a 1: 4 mix at 28 days this sample gave strength-ratios ranging - 
from 88 to 99 per cent. In 1:4 concrete (relative consistency 1.00) at 
ages of 3 days to 21/3 yr., the strength-ratios were in no cases less than 
94 per cent. 

Soak Water (Sample 114) gave strength-ratios for the different con- 
ditions of test ranging from 86 per cent to 114 per cent, average 94 per 
cent. 

Lime Soak (Sample 115) gave consistently lower strength-ratios than 
Samples 113 and 114. For this water the strength-ratios ranged from 78 
to 100 per cent and were generally less than 85 per cent. The strength- 
ratios for Tannery Waste (Sample 42) were essentially the same as for 
Sample 115. 

“Bubbly Creek” water (Samples 44 and 112) contains waste from the 
Chicago Stockyards and “Packingtown” and probably represents the most 
polluted body of water in the world. The odor is extremely offensive. 
During the summer a scum consisting of grease and other materials forms 
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on the surface. Concrete tests were made using this water in both series. 
The strength-ratios are summarized in Table 19 and are plotted in Fig. 
4 to 6. For all mixes, consistencies and ages the concrete strengths were 
essentially the same as that produced by fresh water, Judged by any of 
the usual standards, this water, prior to these tests, would not have been 
considered acceptable for mixing concrete, yet the tests show it to give 
good results. 

Brewery Waste (Sample 107) gave concrete strengths almost identical 
with fresh water for different mixes and consistencies at 28 days and for 
the 1: 4 mix at different ages. 

Soap Works Waste (Sample 109) gave concrete strengths almost iden- 
tical with that of fresh water. 

Gas Plant Waste—Water used to seal gas machines (Sample 110) 
gave strength-ratios of about 95 per cent. 

Waste from Corn Products Refining Co. (Sample 111) gave strengths 
which compared favorably with fresh waters. In no case were the strength- 
ratios below 90 per cent and averaged 94 per cent (Table 20). 

Paint Factory Waste (Sample 116, see Table 21 and Fig. 4 to 6) gave 
strength ratios ranging from 79 per cent to 90 per cent, average about 86 
per cent. The low strength from this water is probably due to the presence 
of acid. 

Acid Water from a spent plating bath (Sample 117) contained sul- 
phurie acid in such a high concentration that it was necessary to dilute 
it to 10 and 20 per cent of its original concentration by the addition of 
Lake Michigan fresh water before it could be used for mixing concrete. 
The effect of this water varied considerably with the concentration and 
the characteristics of the concrete with reference to quantity of cement, 
mixing water, etc. The 1: 7°mix at 28 days showed strength-ratios of 
108 and 120 per cent while the 1: 2 mixtures gave strength-ratios of about 
86 per cent. For the usual consistencies and mixtures the strength-ratio 
was about 90 per cent. The water required for normal consistency of 
cement using the acid waters was 26 and 27 per cent as compared with 
24 per cent for fresh water. The time of setting of the cement with these 
waters was in general somewhat longer than for fresh water. 

Effect of Quantity of Cement (Mia)—Fig. 4 shows the relation of the 
28-day strength and strength-ratios to quantity of cement for 1:7 to 1:2 
concrete mixes of relative consistency 1.00 for the waters in Series 
138. In all cases there was an increase in strength with increase in 
amount of cement. The strength-ratio curves are in general horizontal or 
nearly so, showing that the effect of the various impure waters was similar 
for the different mixes. The acid waters from a spent plating bath 
(Sample 117) gave greater reductions in strength in the rich mixes than in 
the lean. 

Effect of Quantity of Mixing Water (Consistency ).—The effect of con- 
sistency on the 28-day strength of 1:4 concrete mixed with 15 different 
samples of water in Series 138 is shown in Fig. 5. The strength curves 
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show the marked effect of quantity of mixing water on the compressive 
strength of concrete mixed with both fresh and impure waters. 

The individual strength-ratio curves are in general horizontal showing 
that the effect of the impure waters was the same, regardless of the con- 
sistency of the concrete. The strength-ratio curves for acid waters from 
a spent plating bath (Sample 117) have an upward trend, showing that 
the effect of these waters was somewhat less in the wetter concretes. The 
average strength-ratio curve for all impure waters was approximately 
horizontal. : 

Tig. 7 shows the relation of quantity of mixing water, as expressed by” 
the water-cement ratio and gallons per sack of cement to the 28-day com- 
pressive strength for the fresh waters in Series 138. In these tests the 
quantity of mixing water was varied by 


(a) Change in mix (relative consistency 1.00 (Table 11). 
(b) Change in consistency (1: 4 mix, Table 12). 


All of the plotted points for the two conditions of test lie close to the 
curve, showing remarkably consistent results. Similar curves may be 
drawn for the impure waters in Series 138., 

These tests show the importance of the water-ratio-strength relation 
which has been pointed out in many other reports from this Laboratory. 
The relation between strength and quantity of mixing water for fresh 
waters is shown below: 


Relative consistency of 


CONCKOTE Exe Aa 0.90 1.00 1.10 1.25 1.50 
Weater-ratiomlt ate ot 0.68 0.75 0.82 0.92 1.09 
Gallons of water per sack 

Of “comentrwt eee: 5.1 5.6 © 6.2 6.9 8.2 
Concrete Strength at 28 days 

Wey GRAS WN Bs conse 4200 3680 3350 2580 1190 
Strength-ratio to Consist- 

eneye rl 00 ener easter 114 100 91 70 43 
Strength-ratio to Consist- 

Chater agit) KO eetarte oo os oes 126 110 100 77 47 


In computing water-ratios, absorption of aggregates was disregarded. 
6.2 gal. of water per sack of cement (water-ratio 0.82) is about the best 
consistency for concrete road construction; adding 0.7 gal. per sack of 
cement had the effect of reducing the strength of concrete to such an ex- 
tent as to give a strength-ratio of 77 per cent. 

Increasing the quantity of mixing water produced exactly the same 
effect as reducing the quantity of cement in the batch. (See Fig. 7.) A 
1: 4 mix with relative consistency 1.25 (25 per cent more water than 
“normal” consistency) gave about the same strength at 28 days as a 1: 6 
mix of normal consistency; a 1: 4 mix with relative consistency 1.50 gave 
a lower strength than a 1: 7 mix of normal consistency. A relative con- 
sistency of 1.50 is by no means as “sloppy” as concrete frequently seen. 
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A comparatively slight increase in quantity of mixing water may 
produce a greater reduction in concrete strength than that caused by using 
the most polluted mixing water that is ordinarily encountered. 

Effect of Age—tThe effect of age on the strength of concrete is shown 
in Tables 10, 13 and 15, and in Fig. 3 and 6. The results of tests in Series 
137 are given in Fig. 3 in which age is plotted to a logarithmic scale. 
Separate curves are shown for the average of each group of waters for two 
methods of curing. 

Fig. 6 shows the effect of age for the different waters in Series 138. 
The curves show that unusually consistent results were obtained with each 
water. In general there was an increase in strength with age for each of 
the waters used. The strength-ratio-age curves show the relation of 
strength of concrete made with impure waters as compared with that of 
similar concrete made with fresh water at the different ages, 

Strength-ratios for the fresh waters in the two series, based on the 
28-day tests of concrete for specimens cured in the moist room were as 
follows: : 


3days 7 days 28 days 38 mo. Vireo Que Syrs 
Semles al Sie an cata 31 52 100 14] 177 167 
Series: U385 5. 02.3 33 57 100 144 163 176 


It will be noted that the l-yr. tests in Series 137 appear to be abnor- 
mally high; this may account for the apparent retrogression in the 21/3 
yr. tests in this Series. 

For concrete cured in a damp condition, the strength is approximately 
proportional to the logarithm of the age at test. 

Specimens in Series 137 cured in moist room for 28 days and then in 
air gave approximately the same strengths at 3 mo. as similar concrete 
cured in moist room for 3 mo.; at 1 and 21/3 yr. air-cured specimens 
showed a falling off in strength, except in the case of 5 to 20 per cent 
salt solutions, where increases in strength were generally found. 

In Series 138, synthetic sea water (Sample 104), paint manufacturing 
waste (116), acid waters from a spent plating bath (117) and lime soak 
(115) gave strength-ratios, in certain instances below the 85 per cent 
which we have set as the lower limit for acceptable mixing waters. It is 
interesting to note that the average concrete strength for all impure waters 
in this series was essentially the same as for fresh waters. 

The 28-day strength of concrete or mortar seems to be the best indi- 
cation of quality of mixing water. In a few instances the 3 and 7-day 
strengths were abnormally high or low. In no instance in the moist room- 
cured specimens, does the later tests give results which are materially at 
variance with those at 28 days. 

Mortar Tests Results of tension and compression tests of 1: 3 stand- 
ard sand mortars at ages of 3 days to 21/3 yr. for the waters in Series 
138 are given in Table 14. A comparison of these strength-ratios with 
those for the concrete tests in Table 13 shows that in general the effect 
of the impure waters on mortar strength was similar to that on the con- 
crete strength at different ages. The mortar strength-ratios of synthetic 
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sea water, Medicine Lake, paint manufacturing waste and acid waters 
from a spent plating bath were generally somewhat higher at all ages than 
the strength-ratios of the concrete tests. The strength-ratios for briquet 
tests of 1-3 standard sand mortar mixed with water from “Bubbly Creek” 
were somewhat lower than the strength ratios for the compression tests of 
mortar and concrete. 

Normal Consistency.—The percentage of water required for normal 
consistency of cement when mixed with the different impure waters was in 
general about the same as for fresh waters. In Series 137 the average 
normal consistency for the fresh water was 22.5 per cent. Great Salt Lake 
water (Sample 5) required 2 per cent; solutions of 5 to 20 per cent of 
common salt required from 24 to 25 per cent. Refuse from an oil refinery 
(Sample 40) required 25 per cent of water for normal consistency. 

In Series 138 the fresh-water normal consistency was 24.5 per cent; 
most of the impure waters in this series required a similar amount. Medi- 
cine Lake water (Sample 105) and acid waters from a spent plating bath 
of 10 and 20 per cent concentration required 25, 26, and 27 per cent, 
respectively. 

Time of Setting—tIn general, the time of setting of cements mixed 
with impure waters in a given series was about the same as for fresh 
water. None of the samples gave time of setting decidedly shorter than 
fresh waters. Sea water and synthetic sea water were somewhat more 
quick-setting in the Vicat test; the other tests were practically normal. 

The following table shows the samples which gave abnormally long 
time of setting as compared with fresh waters: 


Time of Setting 
Vicat Needle Gillmore Needle 
Mixing Water Sample 
No. 
Tnitial Final Initial Final 
he mn h. m iy ail h. m 
Series 137 
boy oc ert ON ee PM ETC ere eee re cc, Tn 3 52 veri) 4 43 v.18 
Great Saleiake 8 50% caves aster We teen 5 6 45 i ee ia OU) He Ths 
10 per cent salt solution.................... 9 4 25 9 30 545 9 45 
15 per cent salt solution..................... 10 5 00 9 30 6 30 9 45 
20'per cent:saltisolutions.c. ery ns eee 11 6 00 10 30 9 30 Z! 
Refuseifromoilirefinerys...2sqaeee aoe eee 40 11 00 36 00 9 00 48 00 
Series 138 
Break A: bdcccts oes tal ee ee Oe 3° 55 8 30 6 25 9 45 
Tndustrialisewage: ssuadee cree en aoa 106 5 00 915 dans) 11 50 
Com prodicts waste: sac, jas .iitc eat ce eer lll 5 30 9 20 7 50 1015 
Spent plating bath (10 per cent).............. 117 4 50 7 156 ial 12°20 
Spent plating bath (20 per cent).............. 117 5 45 11 15 8 05 13. 00 


* Average of 8 samples. 
+ Average of 3 samples. 
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Refuse from oil refinery (Sample 40) was very slow in setting (aver- 
age 10 hr. initial and 42 hr. final). While the concrete tests at 3 and 7 
days were somewhat erratic, the strength-ratios at ages of 28 days to 21/3 
yr. ranged from 83 to 95 per cent, average 90 per cent, indicating that this 
water is satisfactory for mixing concrete. 

The time of setting with Industrial Sewage water (106), Corn Prod- 
ucts Waste (111) and acid waters from a spent plating bath (117) was 
somewhat longer than for the fresh waters, as shown by the above table. 

The tests show that while the low-strength waters generally gave 
longer time of setting, there was no direct relation between time of setting 
and the strength-ratios of the different water samples. Time of setting is 
not a satisfactory criterion of suitability of a water for mixing concrete. 

Soundness.—Soundness tests of the cement mixed with various waters 
were made in both series; in every case the cements passed the test 
satisfactorily. 

Color and Odor of Waters.—Most of the waters in Series 137 were 
clear and colorless. The Minnesota bog waters had a yellow color due to 
decaying vegetation; water from a creek at Lakehurst Air Station, N. J. 
(Sample 38) and from the Monongahela River (39) were also yellow in 
color. Refuse from an oil refinery (40) was black and oily. “Bubbly 
Creek” water (44) was very dark in color. 

The impure waters in Series 138 varied in color. Brewery waste 
(Sample 107), Drainage Canal water (108) Soap Works waste (109) and 
Corn Products waste (111) were light yellow in color. Gas plant waste 
(110) had a brown color and a turbid appearance, probably due to globules 
of oil in suspension. Tannery wastes were turbid; Soak water (114) and 
Lime soak (115) were white in color, probably due to lime in suspension. 
Lime soak contained some hair from hides. Paint manufacturing waste 
(116) was a deep red color and quite clear. Water from a spent plating 
bath (117) was dark brown and somewhat turbid. “Bubbly Creek” water 
(44 and 112) was very dark in color; a greasy scum collected on this 
water after standing for some time. 

Few of the waters used had a pronounced odor. “Bubbly Creek” water 
gave off a very offensive odor; waste washings from beer storage vats 
(Sample 107) had a beer-like odor; a fresh water from the city water 
supply, Dundee, Mich., (18) and water from a creek at Lakehurst, N. J., 
(38) had an odor of hydrogen sulphide. Tannery wastes had a character- 
istic odor. 

The tests show that neither color nor odor furnish a satisfactory eri- 
terion of the suitability of a water for mixing concrete. 

Specifications for Quality of Mixing Water.—The following extracts 
from State Highway Specifications are typical of the requirements for 
quality of water for mixing concrete in road work: 


(a) “All water used in concrete shall be subject to the approval 
of the Engineer and shall be reasonably clear, free from oil, acid, or 
vegetable substances and neither brackish nor salty.” (Winconsin and 


Utah.) 
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(b) “Water used for this work shall be reasonably clean, and 
free from oil, acid, alkali or vegetable substances.” (Indiana. ) 


(c) “Water used for this work shall be reasonably clean, and 
free from oil, acid, alkali or vegetable substances. No salt or sea 
water shall be used in mixing any concrete.” (California. ) 


(d) “The water shall be clean, free from oil, acid, alkali or vege- 
table substances, and the tensile strength of 1-3 mortars shall be equal 
to that developed with distilled water when mixed in the same pro- 
portion with the same cement and Ottawa sand.” (Pennsylvania. ) 


(e) “Water used in concrete shall be free from sewage, oil, acid, 
strong alkalis or vegetable matter and also shall be free from clay and 
loam.” (Ohio.) 


(f{) ‘Water used in concrete or in grout filler, shall be clean and 
free from oil, acid, alkali or vegetable matter. Before installing his 
water supply equipment, the contractor shall secure the Engineer’s 
approval of the source of water supply which he proposes to use. If 
at any time the water from this source should become of unsatisfac- 
tory quality or insufficient quantity the Engineer may require the 
contractor to provide water from some other source.” (Iowa and 
Minnesota. ) 


(g) “The water used in mixing portland cement concrete shall 
be clean, free from oil and organic matter, and when tested with lit- 
mus shall show no acid or alkaline reaction.” (Illinois.) 

(h) “Water shall be clean, free from oil, acid, alkali or vege- 
table matter.” (Arizona and Colorado.) 

(i) “Water shall be clean, free from oil, acid, alkali, vegetable 
matter, organic matter and other deleterious substances.” (New York.) 

(j) “All waters for use in concrete shall be clean, free from oil, 
acid, alkali, vegetable matter, sea salts, or ingredients that are in- 
jurious to concrete.” (New Jersey.) 


All the above specifications require that waters shall be free from 
impurities of various kinds. If these specifications were rigidly enforced, 
but few waters would be available for mixing concrete, as small quantities 
of impurities are found in practically all waters except rain and distilled 
waters. 

The report of the Joint Committee on Standard Specifications for 
Concrete and Reinforced-concrete gives the following specifications for mix- 
ing water: 

“Water for concrete shall be clean and free from 
injurious amounts of oil, acid, alkali, organic matter or 
other deleterious substance.” 


This specification puts the emphasis on injurious amounts of impur- 
ities, but leaves open the methods of test. 
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Tests for Mixing Waters.—In only rare instances are definite tests 
specified for mixing waters. The U. S. Bureau of Public Roads recom- 
mends the following tests: 


(1) Acidity and alkalinity, by use of blue and red litmus 
paper, 
(2) Total solids and inorganic matter, 


(3) Soundness, time of setting or mortar strength. 


“Any indication of unsoundness, marked change in time of setting or 
a variation of more than 10 per cent in strength from results obtained 
with mixtures containing the water of satisfactory quality, shall be suffi- 
cient cause for rejection of the water under test.’’* 

The litmus test is not of much value since it responds to minute quan- 
tities of acid or alkali which our tests have shown to be harmless in con- 
crete. The test for total solids is likely to be misleading. Our studies 
did not reveal a single sample of impure mixing waters which caused un- 
soundness in the cement. 

Concrete or mortar tests are the most satisfactory guides in important 
cases. 

While this investigation did not cover all possible types of water, it 
seems safe to conclude that any water which is suitable for drinking or 
for ordinary household use can be accepted without question for mixing 
conerete. It has been found that many waters which are badly polluted 
with sewage and trade wastes are not injurious in concrete. 

Effect of Sugar in Concrete——One type of impurity which was not 
included in this series of tests, but which should be mentioned here, is 
sugar and related compounds such as alcohol and fruit juices. In general 
such compounds are fatal to concrete, since they practically destroy the 
hydraulic properties of the cement. Waters containing even small quan- 
tities of such materials should not be used either in mixing or curing 
concrete without thorough investigation. 


RELATED TESTS. 


This report includes only one phase of the general problem of the in- 
fiuence of impurities in concrete and does not touch upon the behavior of 
conerete when exposed to various types of waters and soils. Results have 
already been reported on previous tests on the effect of organic impurities 


. 


*Standard and Tentative Methods of Sampling and Testing Highway Mate- 
rials, Bulletin 949, U S. Dept. of Agriculture, 1921. 
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in sands. Exhaustive tests have been made in this Laboratory on, the 
effect of powdered admixtures in concrete?. Field and laboratory tests are 
now under way on concrete exposed to sulphate soils and waters; includ- 
ing the effect of integral compounds. A’ summary of tests on the effect of 
integral water- and alkali-proofing compounds on the strength of concrete 
has been published*. A report has been prepared on the effect of calcium 
chloride and other soluble salts in concrete’. Tests are under way on the 
use of calcium chloride and similar materials as a curing agency for 
concrete. _ 


1 Colorimetric Test for Organie Impurities in Sand, Cireular 1, Structural 
Materials Research Lab., 1917. See also, Abrams-Harder Field Test for Organic | 
Impurities in Sands; Report of Committee C-9, Proe. Am. Soe. Testing Mate- 
rials, 1919. 


2 Effect of Hydrated Lime and other Powdered Admixtures in Concrete; 
Proc. Am. Soc. Testing Materials, 1920, Reprinted as Bulletin 8, Structural Ma- 
terials Research Lab., Lewis Institute, Chicago. 


8’ Effect of Integral Waterproofing Compounds on the Strength of Concrete ; 
Industrial and Eng. Chemistry, May, 1923. 


+¥Forthcoming Proc. Am. Soc. Testing Materials, 1924. 


BUILDING FIREPROOF HOMES. 
By PAauL HUEBER.* 


Fireproof homes are by no means a new product. Well-to-du men have 
been building such homes for years, not because they wanted a cheaper 
house, but because they wanted the best. These were built according to 
Pats designs and special forms were required for each house. This 
increased the cost of construction to such an extent that only the well-to-do 
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FIG. ]1..-EXPOSED SECTION THROUGH TYPICAL HOUSE. 


man could afford to own one. The desire to produce lower priced, fireproof 

homes, (the so-called concrete houses) resulted in the development of 

standardized forms which in turn resulted in the construction of houses 
of similar design, which does not necessarily follow. 

The section (Fig. 1) gives a view of the problem as we have solved it. 

We studied the problem first to produce, economically, a permanent, rein- 


*Architect, Hueber Brothers, Builders, Syracuse, Nw Ye 
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forced-concrete frame suitable for finishing into any priced home desired. 
Reducing the frame to a minimum amount of concrete exterior walls and 
floors meant economy of form work. Interior partitions, just like any 
modern, fireproof building, are of gypsum tile or cinder block except where 
plumbing pipes occur. At these points we use wood studs and metal lath. 
Interior floor supports consist of iron columns. By spacing these close 
together the reinforced-concrete beams are kept flush with the ceilings. 
This not only saves beam forms but permits different arrangements of 
plan with the same floor forms. 


FIG. 2.—ONE OF THE FINISHED HOUSES. 


Bay window and porch constructed after completion of frame. 


As pipe columns filled with concrete are smaller in section than con- 
crete columns, thinner partitions can be used. Porches are built inde- 
pendent of the frame so as not to complicate the forms. Roofs are built of 
wood and covered with concrete tile. No attempt is made to secure a hol- 
low wall but insulation is obtained by the use of cork board. Wood floor 
finishes are used in the majority of our homes so far because the average 
home buyer is accustomed to them. 

Fig. 2 illustrates one of our finished homes. The bay window and 
porch were constructed after the completion of the concrete frame of the 
main part of the house. More of our houses built from the same set of 
forms but with varying roofs, windows, porches and other exterior finish 


t 
; 
‘ 
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FIG. 3—A GROUP OF HUEBER CONCRETE HOUSES. 


FIG. 4.—POURING ONE OF THE CONCRETE HOUSES. 
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are shown in Fig. 3. These pictures show that architectural design is not 
a question of concrete, but is simply a matter of adding certain features 
to the frame as in the case of a wood house, or for that matter, any 


building. 


FIG, 5,— CONCRETE FACING BEFORE FINISH IS APPLIED. 


Fig. 4 shows the lower portion of the walls completed and striped, the 
exterior forms having been raised and the concrete already placed for the 
second story walls. The window frame nailed into position can be placed 
wherever desired, which ig one advantage of having wood panel forms. 


Form panels are in excellent condition after being used 45 times over a 
3-year period. 


—— 
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The proposition of depositing concrete in the construction of a house 
is a different problem than in most other kinds of concrete work owing to 
the relatively small amount of concrete to be handled. We discharge from 
the mixer directly into buggies which are raised to the floor above by 
means of an elevator; elevator runs being attached to forms. No hopper 
is used in our work. However, we believe that on large operations a cen- 
tral mixing plant from which concrete could be delivered to hoppers at 
the base of elevators would be a good investment. In our case a 4-cylinder 
engine, mixer, and hoist are mounted on a truck having rubber tired 


~ 


FIG. 6.—FIRST CONCRETE HOUSE BUILT BY AUTHOR. 


wheels. Chuting of concrete is, of course, not economical on small jobs 
and with cinder concrete such as we use in our walls above grade, chuting 
is next to impossible. We pour a story at a time, the same as we do on 
our other work. 

When we started our first house people thought that the concrete 
frame No. 5 was a concrete house and threatened to stop our work by an 
injunction. Fig. 6 shows our first concrete house. 

Fig. 7 shows what value is built into these homes. The gypsum walls 
and gypsum tile in floor insure quietness and insulation against heat 
and cold. The cork lined walls mean a warm house in winter, and a cool 
house in summer. Our door and window frames are of wood construction 


as are also the sash and doors, 
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A wood roof which permits variety in architectural treatment, and, 
when covered with fireproof shingles (slate, concrete tile) and over a 
reinforced-concrete attic floor, is safe from fire damage. 


The porch foun- 
dation is of concrete block. 


Usually, our porch floors are of wood, al- 
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FIG. 7.—EXPOSED SECTION SHOWING CONSTRUCTION. 


though in some of our houses reinforced-concrete floors have been built on 
request. The gable ends are of concrete block construction, being some- 
what less costly than if built of monolithic concrete since special forms 


would be required for each job to take care of the variation in the gables 
of the different houses. 
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Stucco adheres tenaciously to the rough surface of cinder concrete. 
The bond is strong and lasting. In brick veneer construction the brick are 
laid up after the concrete frame is completed. A thicker wall below grade 
forms a ledge on the cellar wall to provide a foundation for the brick 
veneer. Stone concrete is used for walls below grade and for all floors. 

In developing our forms, we have not changed the fundamental ele- 
ments of typical forms. That is, we use sills, studs, plates and joints, 
but instead of using nails we employ wedges and turn buttons for easy 
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FIG. 8.—DETAILS OF FORMS. 


erecting and easy stripping for re-use. Considerable study and actual 
experience extending over a period of six years resulted in our adoption of 
these details. The sills, plates and girders are steel channels, the joists 
are of pressed steel and the studs and panels are of wood. The whole is 
braced with stiff corner braces and with lateral braces having turnbuckles. 

Much effort has been spent by others to obtain air spaces, but in our 
opinion such a wall is not as effective as a solid wall insulated with cork 
or Celotex. Reasons for insulating the wall are two: 1. Conserves heat. 


2. Prevents condensation. 
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The floor forms are made adaptable to different sized homes by simply 
combining a few standard parts. All the standard floor members required 
are shown in the two form plans. All other sized plans in 3-ft. units are 
merely different combinations of these parts. The advantage of using 
closely spaced columns to eliminate beam forms is obvious since form 
framing: is done independent of structural concrete framing. - The form 
framing for each plan is standardized, yet the house can be arranged as 
desired. 

There is a saying, “Watch what enters the construction of homes of 
well-to-do and public buildings and you will see the future construction of 
the average man.” Public buildings contain practically no wood in their 
construction. Our homes are very close to public buildings and homes of 
the well-to-do in this respect. 

The two things which have held back the monolithic home are said 
to have been architecture and cost. We feel that we have demonstrated 
that architectural designs are readily obtained and our costs not at all 
alarming, the extra cost being more in the finishing of the concrete frame 
than in the frame itself, provided the fireproof idea is carried throughout. 
The cost is naturally more than for a wood frame home, but a fireproof 
home is worth more and people recognize this value, the same as they do 
of a fireproof office building. 

As the problems of a poured concrete house become better understood, 
we feel sure that more builders will construct such homes, especially in 
view of the rapidly diminishing timber supply and abundance of cement, 
sand, and stone. 

Then our homes in the United States will be as permanent and safe 
from fire as our modern public buildings. This means low upkeep cost, 
fire protection, insulation against noises in rooms and the elimination of 
rats, and mice minimum, cracking of plaster, a house warm in winter, and 
cool in summer. 


A STUDY OF BENDING MOMENTS IN COLUMNS. 
By F, E. RicHart.* 


INTRODUCTORY. 


Information on the behavior of reinforced-concrete buildings necessary 
to the proper design of such structures has been accumulated largely in the 
last twelve or fifteen years. The reinforced-concrete building is a highly 
indeterminate structure, subject at best only to approximate analysis, but 
due to the numerous laboratory tests and to investigations of full-sized 
structures that have been made, there is probably more information now 
available on the action of the reinforced-concrete structure as a whole and 
of its elementary parts than there is on other types of construction. In 
field tests, attention has usually been directed to the behavior of beams, 
girders, or flat slabs, leaving the columns to a place of secondary consider- 
ation. The conditions of laboratory investigations, on the other hand, 
usually lend themselves to a study of the action of various types of rein- 
forcement on beams, slabs, or axially loaded columns. Data on the amount 
and distribution of the bending stresses induced in building columns, and 
on the resistance of columns to the combined bending and direct stress, are 
rather meager. Due to this lack of information or to other causes, bending 
stresses are usually neglected in the design of concrete columns, and such 
stresses are assumed to be provided for, together with numerous other 
effects, in the all-inclusive factor of safety. That buildings are being built 
under these conditions, and that they stand up under loads without serious 
damage, does not prove that better methods of design should not be used 
when available. No very extended examination of reinforced-concrete build- 
ings is necessary to demonstrate that the average wall column contains 
a number of cracks which from their position are obviously produced by 
bending stresses. Such cracks are often unsightly; on the exterior face of 
the column they may affect its durability. They may be compared both as 
to cause and to remedy to the cracks often seen in beams and slabs in 
which reinforcement for negative moment has been omitted. 

It is the object of this paper to show the amount and distribution of 
moments in building columns under certain conditions as indicated by 
analysis and by the results of experiments, as well as to make a study of 
the resistance of columns subjected to both bending and axial stresses. 

There are at least four general ways in which bending moments are 
induced in the columns of a building, (a) by reactions from eccentrically 
placed beams, or from brackets or cantilevers, (b) by eccentricity of the 


*University of Illinois, Urbana, Mlinois. 
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column itself such as occurs at changes in section of wall columns in 
which the exterior face is kept vertical throughout its height, (c) by the 
action of wind pressure which must be resisted through the stiffness of 
connections between the columns and the girders or slabs, and (d) by 
transfer from slab or girder of unbalanced moment produced by floor loads. 
Of these four cases it may be noted that the first two are generally stat- 
ically determinate, since the amount of load and the eccentricity are known. 
The calculation of wind stresses in reinforced-concrete buildings is un- 
usual except in very high narrow buildings. Methods of analyzing such 
wind stresses are found in our engineering literature.* The problem of 
determining the bending moment due to unbalanced loads is perhaps the 
most difficult of the four mentioned. The method of solution used in this 
paper is by analogy to the behavior of elastic rigid frames of proportions 
similar to those of the building structure in question. ‘le results hence 
are not exact solutions of the building frame, but should serve as an indi- 
cation of the magnitude and distribution of the moments that exist. The 
analysis should also serve to show the effect of a wide variety of condi- 
tions which cannot usually be realized in experimental researches. 


METHODS OF ANALYSIS. 


The analysis of statically indeterminate frames may be effected by the 
use of various principles, which may involve the elastic deformations of 
the members or the internal energy stored up in the structure. From a 
consideration of the methods employed in solving frame problems, it is 
seen that such analysis is greatly simplified by conditions of symmetry of 
structure and load. A similar simplification is possible when lateral move- 
ments of the joints of a frame are prevented or where such movements are 
small enough to be negligible. In the reinforced-concrete building several 
bays in width, it is usually safe to assume that there is no lateral move- 
ment of the ends of columns at each floor level due to the effect of un- 
balanced loads. For such conditions a modification of the “slope-deflec- 
tion” method is quite useful. The method consists in reducing the portion 
of the structure to be studied to one of a few standard types, for which 
moment equations have been formulated and are listed in Table 1.} ~ 

The equations for the typical cases of Table 1 are of such general 
application that they make it possible to solve many forms of frames by 
inspection. The significance of the different types of member and equation 
may be seen from a study of the table. As noted in the table, it is assumed 
that the ends of members do not move from their original position, except 
that the slope of the members may change. Case 1 shows a member acted 


*See Wind Stresses in the Steel Frames of Office Buildings, by W. M. Wilson 
and G. A. Maney, Bulletin 80, Engineering Experiment Station, Univ. of Ill. 
Also Engineering and Contracting, V. 53, No. 12, p. 314. 

+The method was developed and used by the writer in a master’s thesis in 
1915; later it was extended in Bulletin 108, Engineering Experiment Station, 
Univ. of Ill. 1918, and in articles in Engineering and Contracting, Vol. 52, No. 4 
and 8, 1920. 
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upon by the moments M , pand M,, at the ends. The slope of the elastic 
curve at Ais @,and that at Bis 6,. If the relation between the two 
moments, or between the slopes of the elastic curve at the two ends is 
known, the moment IM may be expressed in terms of the slope 6 ,, the 
stiffness factor H K of the member, and the restraint factor N. 
bE ppm ISAC) 

Case 2 follows directly from Case 1, when the restraint of the end B is that 
of a hinged end; similarly Case 3 applies when B is a fixed end, and Case 
4 when the moment at B is made equal, and opposite in sense to that at A. 
Case 5 represents a member acted upon at A by a moment, and partially 
restrained at B by the three members BC, BD and BE into which it 
frames. It is therefore between the conditions of restraint of Case 2 and 3, 
and hence the value of N may be expected to be between 3 and 4. The 
expression for N, for this case is built up from the equations of the pre- 
ceding cases; thus if CB is hinged at C then N, is 3, if BD is fixed at D, 
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FIG. 1.—MOMENTS IN A RECTANGULAR FRAME. 


N; is 4. By applying the equation of Case 5 successfully to the adjacent 
members of a frame, their restraining influence upon a particular member 
may be found. This has been done in deriving the equations of Case 6. 
Here the loaded member AB frames into adjoining members at each end. 
The loading is taken as symmetrical about midspan of AB, but the re- 
straints at the two ends, 4 and B, need not be equal. It is obvious that 
any of the restraining members at either end may be dropped out by simply 
omitting the corresponding value of NK in the equation, or other members 
may be added at the joint by adding the corresponding values of NK. By 
determining the restraint produced at the points 0, D, B, F, G@ and H by 
the members meeting at these points, using the equations of Case 5, the 
influence of the load on AB may be traced to all of the members of the 
surrounding frame-work. 

To illustrate the adaptability of these standard types of frame and 
their accompanying equations, the simple rectangular frame of Fig. 1 may 
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be considered. Here the loaded member AB corresponds to AB of Case 6, 
Table 1; the member AD to AH of Case 6; and the members AO and AD 
of Case 6 are simply omitted. The rectangular frame is symmetrical and 
the moments are given by the equations in Fig. 1. The members AD and 
DC may be compared with members AB and BO of Case 5, Table 1, whence 
the value of N, is found. The remaining moments, shears, and reactions 
of the frame of Fig. 1 may now be found by the use of the usual equations 
of statics, 

The equations of Table 1 are particularly applicable to building frames 
in which there is unbalanced loading. The problems of most interest to 
engineers are those relating to the moments in exterior columns, although 
it is possible to develop moments of considerable magnitude in interior 
columns through unbalanced loading of panels.* 


EXTERIOR OR WALL COLUMNS. 


It is obvious that the wall column must always be subject to an un- 
balanced floor load, and that this will usually consist of both dead and 
live load. If Fig. 2 (a) represents the skeleton framework of a building, 
the effect of a load on a single exterior panel may be found by considering 
the portion of the frame shown by heavy lines. A larger portion of the 
frame could be considered, but the resulting equations are unwieldly. As- 
suming hinged ends at the extremities of the frame considered, the equa- 
tions given in Fig. 2 are written by inspection of the equations of Case 6, 
Table 1. The equations shown are those applying to the exterior column; 
similar ones may be written for the other members of the frame. 

The equations of Fig. 2 may be used to find the effect produced on the 
column moments by loading several adjacent panels. It is found that the 
loading producing the maximum moment in the column just below the 
point A and above the point G is that shown in Fig. 2 (b). More than 
90 per cent of this moment is produced by the loads on the two adjacent 
spans AB and GH; furthermore this loading of the two spans is much 
more likely to occur than that of the arrangement shown in Fig. 2 (b). 
Therefore the case of a live load on the two spans AB and GH only has 
been used in the following studies. Considering first that the value of K 
(ratio of moment of inertia to length) for all columns may be taken as a 
constant times the value of K for the girders, the diagram of Fig. 3 (a) 
has been made up. The diagram gives values of the moment in the column 
and in the adjacent girder for varying degrees of stiffness of the columns. 
It is seen that where the ratio of K of columns to K of girders exceeds 2, 
as is usually the case in concrete building construction and particularly in 
flat slab construction, that the moment in the column is about 0.6 of the 
full negative moment. 


*Unbalanced loadings on flat slab structures were considered by Prof. H. M. 
Westergaard and W. A. Slater in a paper “Moments and Stresses in Slabs,” 
Proc. A. C. I. 1921, with particular reference to the effect on the moments in 
the slab, although moments in columns due to certain loadings were also 
considered. 
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The moments in the girder and column when all panels are loaded, as, 
for example, with dead loads, have been computed from the equations of 
Fig. 2 and similar equations and are given in Fig. 3 (b). It is seen that 
the maximum moment in the exterior column is about three-fourths as 
great for this loading as it is with the load on the two spans only. More- 
over, this moment occurs at the top and bottom of the column in each 
story. The curve for the moment in the girders shows that the degree of 
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FIG. 2.—MOMENT EQUATION FOR EXTERIOR COLUMNS, AND LOADING FOR 
MAXIMUM MOMENT. 


fixedness is high, approaching the conditions of full negative moment which 
exist at the ends of a fixed beam. It is also seen that the moment in the 
girder does not vary greatly whether all spans or only two spans are 
loaded. 

In the preceding analysis it has been assumed that the building frames 
discussed were made up of columns and girders of uniform length and sec- 
tion. This is a fair assumption with respect to the girders; in the col- 
umns, although the story height may not vary appreciably, the section 
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commonly decreases from the lower to the upper stories, as governed by 
axial loads. Hence at a floor level where the column section changes, the 
moment of inertia of the upper column may be considerably less than that 
of the column below, since with a constant percentage of steel the moment 
of inertia varies as the fourth power of the diameter of the column. The 
ratio of the value of K (moment of inertia divided by length) for the 
upper column to that of the lower one will be denoted by r: values of 
this ratio have been calculated by reference to the column schedules of 
existing buildings, and are found to vary from 0.5 to 1.0 with many cases 
of 0.6 and 0.7. Since the members of a frame take stress in proportion 
to their relative stiffness, or roughly to their load carrying ability, it is 
clear that the larger of two columns will receive ‘the greater share of the 
unbalanced negative moment brought in by a girder. Using several values 
of the ratio 7, values of the moments in the two columns have been found 
by the methods used in connection with Fig. 3, and curves for these 
moments are given in Fig. 4 (a). Referring to Fig. 2 (b) with loads on 
AB and HG only, the average value of K for the columns AG and AD and 
that of the girders AB and BF have been used to determine the ratio of 
4 of columns to K of girders. An empirical equation has been found to 
express the relation between the various curves of the diagram. It is found 
that the moment M ,, in the girder is distributed between the columns 
AG and AD very nearly as indicated by the following equations: 


4t-r 

ph ae eh CIEL, (1) 
3r 

Man men eT (2) 


In a similar way when all spans of the structure are loaded, calcula- 
tions were made to determine the value of the moment in the girder Mt Xs, 
as shown in Fig. 3 (b). This moment is divided between the columns above 
and below each story as indicated by Fig. 4 (b), and by the following 
equations: 


i] 
eee eT ee (3) 
: T: 
Uy a ae ier (4) 


It is apparent that with a value of r of perhaps 0.7, the moment at 
the top of the heavier column may be 10 and 18 per cent greater, respec- 
tively, for the two methods of loading, than the moment existing in coi- 
umns having a constant value of K. The moment in the lighter column is, 
of course, decreased a corresponding amount. 

The moment in a column at the roof level can be determined quite 
closely by the procedure of the preceding paragraph. Thus in taking the 
average of K for the column above and below the roof level, since there is 
no column above, the average value is obviously one-half of the value of K 
for the column below. Using this average value, the amount of negative 
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FIG. 4.—EFFECT OF VARIATION IN SECTION ON MOMENTS IN EXTERIOR COLUMNS 
OF THE BUILDING FRAME OF FIG. 2 (B). 
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moment in the girder, M,, is taken from the diagrams of Fig. 3, and all 
of this moment is transmitted to the column underneath, as would be indi- 
cated by equations 1 and 3 with r= 0. The coefficient of moment in roof 
columns is generally greater than at other floor levels, for while the single 
column does not offer as great an end restraint and hence does not attract 
as great a proportion of the full negative moment as would two columns, 
still this moment must all be carried by the one column. The high moment 
coefficient, however, is compensated by the fact that the live load on the 
roof is ordinarily light. 

Another variation in column sections is found in the column capitals 
used in flat slab construction. The effect is similar to that produced by 
changes in column section; in each case the column just below a floor 
level is made stiffer than that in the story above, and consequently receives 
a larger share of the unbalanced moment brought in at the floor level. 
While the effect of a capital is to increase the stiffness of a column over a 
small portion of its length, and is not directly comparable with a uniform 
increase in section of the entire column, for purposes of analysis the col- 
umn with a capital may be considered to be replaced by an “equivalent”’ 
uniform column and the moment distribution in the “equivalent” column 
then treated through the use of the factor r. For exterior columns the 
half-capitals or brackets used have less effect than would the capitals of 
interior columns. By considering a number of wall columns with capitals 
of typical sizes the moment of inertia of an equivalent column has been 
found on two different assumptions, (1) Far end of column hinged; equiva- 
lent column to produce same slope and same moment at the top aS the 
column with capital; (2) Far end of column restrained, with same slope 
at both ends of column as produced by the loading of all spans of the 
structure. A number of numerical cases were treated by both of these 
assumptions, and the two conditions of a capital on the near end and the 
far end of a column were studied.. In both cases, using a square column 
with a pyramidal half-capital, the ratio of moment of inertia of the 
equivalent upper column to lower one was found to vary from 0.77 to 
0.84. Table 2 shows the results of calculations made on the second assump- 
tion, applying to the case in which all spans of the structure are loaded. 
This value of r found, indicates in an approximate way that the effect of 
a column cap is similar in magnitude to the effect of a small increase in 
section of the lower column at a floor level. 

Table 2 also shows the position of the point of contraflexure in the 
columns of a structure in which spans and story heights are of constant 
dimensions and in which all spans are loaded. It is noteworthy that the 
point of contraflexure for the three structures treated is very nearly mid- 
way between the top of the floor slab at the bottom of the column, and the 
bottom of the capital. This indicates the presence of equal moments at the 
top and bottom of the uniform portion of the column. 

For the common condition in which the column below a floor level has 
both a capital and a large diameter than the column above, the combined 
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effect on the moment distribution is found by determining the two values 
of r and multiplying them together. Thus if the value of K for the upper 
column is 0.8 of that for the lower one, and if the effect of the capital also 
results in an equivalent lower column for which r = 0.8, the combined 
effect is to make r — 0.64, which can be used in equation 1 to 4. 

In addition to the information given in Table 2 regarding the position 
of the point of contraflexure in the columns, the effect of various values of 
r and various capital heights may be noted. By the use of equations (3) 
and (4), for the case of load on all spans, the moments at top and bottom 
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of a column and also at the bottom of the column capital have been deter- 
mined. These moments, shown in Fig. 5, are expressed as a fraction of the 
unbalanced negative moment M ,, in the girder. ‘It is to be noted that 
while the moment at the top of the column increases with decreasing val- 
ues of r, the moment at the bottom of the capital, for the two conditions 
of capital height used, does not exceed 0.5 M, ,for values of r greater than 
0.5 to 0.6. Hence it may be concluded, that while a column capital will 
attract a large proportion of the unbalanced negative moment, the moment 
at the top and bottom of the column proper will not usually be appreciably 
greater than if no capital was present. 


INTERIOR COLUMNS. 


Bending moments in interior columns are not generally of particular 
importance, since if adjacent spans are equal and all spans are loaded, the 
floor loads are balanced and there is no moment produced in the columns. 
In the case of equal spans, the dead loal is always balanced, and it is 
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largely balanced with the usual unequal spans. In considering the effect 
of live loads, an interior frame similar to that of Fig. 2 (a) has. been 
analyzed, and the effect has been found of loading the different panels of 
the frame. It is found that the loading indicated in Fig. 6 (a) produces 
the maximum moment in the column just below A or above @. It will 
be seen that the arrangement of the loaded panels is quite similar to that 
of Fig. 2 (b) for exterior columns, and likewise it is found that about 
80 per cent of the moment is produced by loads on the two spans AB and 
GH. Hence, since the latter loading is one that may reasonably be ex- 
pected to occur frequently, its effect will be studied. 

Again considering the building frame of Fig. 6 (a) in which the value 
of K for columns is taken as a constant times that for the girders, the 
curve of Fig. 6 (b) shows values of the moment produced in the column at 
A or G@ due to loads on spans AB and GH. It will be noted that where 
the columns are much stiffer than the girders the induced moment in the 
column approaches that found for exterior columns. The negative moment 
in the girder at A is distributed among the two adjacent columns and the 
adjoining girder; hence for the part of the curve where columns and girders 
are more nearly equal, the adjacent girder receives a considerable share of 
the unbalanced moment and the columns receive relatively less. 

Allowance may be made here for the effect of changes in section of 
columns and of the use of column capitals by a method similar to that used 
with exterior columns. By the analysis of a number of frames in which 
the values of K of the columns of each succeeding upper story were de- 
creased by a constant percentage, the effect upon the moment MS in the 
column was found and an empirical equation fitted to the results. To find 
the value of the moment in the column, M ,g> when the ratio of K of a 
column to the story below is r (a quantity less than 1.0), the average 
value of K for columns AG and AD and of girders AB and AC is first 
used to find a value of M ag from Fig. 6 (a), and this value of Me is 


multiplied by the quantity eS ae to obtain the corrected value of 
Vie 


(hoe in the column at A. Thus it is seen that if r = 0.7, the moment 


M ,q is increased by about 12 per cent, and the moment above, M,_, is 
correspondingly decreased. 

Allowance for the effect of column capitals is also made, as was done 
with exterior columns, by replacing the column and capital by an equiva- 
lent column of uniform section, for which a value of r may be computed. 
The effect of an interior capital depends of course upon the relative pro- 
portions of capital and of column; a range of probable conditions has 
been analyzed and the corresponding values of r are given in Table 2. The 
results with the full capital do not differ greatly from those for exterior 
columns in which a half-capital was used. The value of » is found to vary 
from 0.74 to 0.82, and the point of contraflexure, with all spans loaded, is 
found to lie very nearly midway of the clear height of the column proper. 
The observations made from consideration of Fig. 5, regarding the magni- 
tude of the moment at the bottom of the column capital also apply here. 
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NUMERICAL EXAMPLES OF MOMENTS IN A BUILDING FRAME. 


In addition to the foregoing studies of column moments, analysis was 
made of the moments throughout an entire building bent under different 
types of loading. A building frame five stories high and three bays wide 
was analyzed by the exact application of the slope-deflection method, which 
involved the solution of ten simultaneous equations for each type of load- 
ing. The moments found in both exterior and interior columns are plotted 
in Fig. 7. The analysis was made on two assumptions: (a) that the value 
of K for all columns and girders was the same, and (b) that the average 
value of K for columns was several times that for girders, with K for the 
lower columns greater than for the upper ones. Values of K for both 
assumptions are given in Fig. 7. The loadings, as indicated in the figure, 
consisted either of a uniform load on all spans, or of loads on alternate 
spans and stories, or on alternate bays. 

A study of the moment diagrams for both exterior and interior col- 
umns shows that for the loadings used there are few cases where the 
moments exceed 0.6 ae , and in most cases they are not more than 0.5 — 3 
From the foregoing studies it is evident that the loadings are not the load- 
ings that produce a maximum moment in the columns. The diagrams of 
Fig. 7 are useful mainly in giving a graphical representation of the varia- 
tion in moments throughout the height of a column of a building, and 
show quite clearly the effect of conditions at the footing and roof levels. 


MOMENTS IN FLAT SLAB CONSTRUCTION. 


In applying the results of frame analysis to flat slab structures, sev- 
eral adaptations of the conditions must be made. The length of frame 
members has been taken as the distance center-to-center of joints, and the 
moments of inertia of members had been considered as constant. The 
effect of column capitals has already been treated with regard to the 
moment distribution in columns; their influence upon the amount of nega- 
tive moment in the slab must also be noted. Figs. 3, 4 and 6 refer to 
the full negative moment in a girder or slab; in a girder with uniform 


load this moment nee but in a flat slab moment is not quite so definite. 


The numerical sum of positive and negative moments in a square flat slab 
wh 2¢ |? 


panel is theoretically equal es fees = wherein / is the span and 


c is the diameter of the column capital.* This theoretical value has been 
reduced in most building codes because of considerations of the existence 
of tension in the concrete, of the redistribution of stresses at critical sec- 
tions, of the effect of biaxial stresses, and other favorable conditions of 
the slab structure. For example, the Joint Committee on Standard Speci- 
fications for Concrete and Reinforced Concrete in its progress report in 


*See paper and discussion ‘‘Statical Limitations upon the Steel Require- 
ments in Reinforced-Concrete Flat Slab Floors,” by J. R. Nichols, Trans. A. S. 
Cc. E., Vol. LXXVII. 
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1921 used a value 72 per cent of the above theoretical moment, or 0.09 


Cf oval 


and took the total negative moment to be from 60 to 65 


per cent, of this amount. While all of the arguments for using slab mo- 

ments which are 72 per cent of the theoretical moment do not apply to the 

action that produces moment in columns, it might be considered incon- 

sistent to specify larger moments in columns than would be provided for 

in the adjacent slab. Hence it seems proper to use the value of five-eighths 
20 


of the total moment, or 0.056 wl | ee =| as the full negative mo- 
) 


2 
ment in flat slab structures, just as the value of - may be taken in 


column-and-girder frames under uniform load. 


It may be noted that with a loading other than uniform load on a 


5]2 
girder, the term es will be replaced by the moment occurring at the end 


4 


of a fixed beam under the given loading. If the loads are symmetrical 
about midspan, the “fixed-beam” moment may be expressed as the average 
ordinate of the moment diagram for a simple beam of like span and 
loading. 


MOMENTS OF INERTIA, 


The preceding analyses have made use of the moments of inertia of 
the cross-sections of the various members of a structure. The moment of 
inertia of a reinforced concrete member is not a quantity that is frequently 
used in ordinary design. The combination of two materials obviously 
requires an allowance for their difference in stiffness; this is usually accom- 
plished by replacing the steel area by an equivalent area of concrete. This 
is done by multiplying the steel area by the ratio of the moduli of elas- 
ticity of steel and concrete. Furthermore there is some question as to 
whether the moment of inertia of the tension zone of the concrete section 
should be used. Tests of reinforced-concrete frames made by the writer 
lead to the following conclusions regarding the moments of inertia of the 
members as used in determining moment distribution: 


1. At loads somewhat below ordinary working stresses, calculations 
made using the moment of inertia of the full concrete section plus the 
transformed steel section agreed well with the actual stresses and moment 
distribution. As the maximum load was approached, regions of high ten- 
sile stress developed numerous cracks and the neutral axis shifted toward 
the compression face of the member. Evidently in finding the moment of 
inertia at this stage the concrete tension zone should be omitted; even this 
does not allow for the curvilinear variation of compressive stresses in the 
concrete, since the use of the moment of inertia of a section presupposes 
the existence of a straight-line stress-strain diagram. A compensating fea- 
ture of the decrease in moment of inertia at high loads is that it usually 
occurs at regions of both high positive and high negative moment, which 
tends to neutralize the effect insofar as the distribution of moments and 
shears is concerned. 
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2. For building frames wherein the columns are subject to high direct 
compressive stresses that exceed the maximum tensile bending stresses, 
there will be no cracking of the concrete and the moment of inertia of the 
full concrete area of the columns should be considered. 

3. For purposes of design, since only the relative values of the mo- 
ments of inertia of the members of a frame are usually desired, the 
moments of inertia of the full concrete sections (neglecting the steel areas) 
will give a reasonably close approximation to the actual conditions. 

4. For building frames in which the girders have tee-flanges composed 
of the adjacent floor slabs, these flanges will be useful only in regions of 
positive moment and it seems reasonable to consider an effective width of 
tee as not more than that used in stress analysis, such as one-fourth of the 
span, or twelves times the slab thickness plus the width of the web of 
the girder. 

5. In flat slab construction the effective width of the slab to be used 
in calculating the moment of inertia would appear to be between 0.5 / and J, 
where J is the panel length at right angles to the span considered. A study 
of moment coefficients in slabs shows that the strip running from column 
to column, of width 0.5 l, differs considerably in action from the middle 
strip down the middle of the panel. In either two- or four-way reinforce- 
ment the column-strip forms a stiff beam carrying a relatively large part 
of the load. Further, considering that the column will usually have a 
much higher percentage of reinforcement than the slab, and that the mo- 
ment of inertia of the slab will be reduced by tensile failure of the con- 
crete, it seems reasonable to limit the width of the slab to 0.5 J in caleu- 
lating its moment of inertia. The full concrete area (without steel) may 
then be used for both columns and slabs without serious error. 


LOADINGS PRODUCING MAXIMUM STRESS IN COLUMNS. 


(a) Eaterior Columns. Columns are usually proportioned to carry 
a direct load, due to loads on all adjacent spans of the structure. In 
exterior columns, there occurs simultaneously a bending stress which when 
combined with the direct stress may produce a condition of maximum 
stress in the column. It is possible to produce a somewhat larger bending 
stress by loading selected panels only, but this will necessarily result in a 
reduction in the direct compression, and the former condition of loading 
will probably be the more severe. It has been shown that “if the full 


negative moment in a frame is — the moment in columns with all 


spans loaded is above 0.45 — for both live and dead load, while if a few 


selected spans are loaded, the moment is about 0.60 ba for live load and 


a 


0.45 


* for dead load. For the upper stories of a building, in which the 


ibe 138 on the columns is relatively small, the bending stresses are of 
greater importance than in the lower stories where direct loads are much 
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longer. Hence, a loading of selected panels will often produce a maximum 
stress in columns of such upper stories. 

(b) Corner Columns. The corner column, which carries direct load 
from only a quarter-panel of floor and from lintel beams, is usually of 
light cross-seétion. However, the bending moments produced by unbal- 
anced floor loads are approximately equal to the moment due to a half- 
panel load, and these moments are applied in two directions on the column. 
As a resultant of the two moments in the directions of the adjacent edges 
of the slab, a single moment acting along a diagonal of the corner panel 
might be considered. The fiber stress at the inner and outer corners of 
the column is thus equal to that produced in the faces of an exterior col- 
umn of similar size by a full panel load. In addition there will usually 
be a bending stress due to loads on the two lintel beams which act in two 
directions on the column to produce a similar bending in the diagonal 
direction. Tests of buildings have shown very high stresses in the steel 
of diagonal bands near the corner column. It appears that bending stresses 
will generally be more severe in corner columns than in exterior columns. 

The criteria for loading to produce maximum combined stresses are 
practically the same as for other exterior columns. Loading of the corner 
panels on two consecutive floors will produce maximum bending stresses in 
the column, but loading of all spans of the building will usually produce 
the maximum combined stress. 

(c) Interior Columns. When all spans of a building are loaded there 


is practically no bending. stress in interior columns. Fig. 6 shows, how- 
% 


5] 2 
ot is produced by a load on two spans 


12 
only. Hence if downward loads are applied on all spans, and upward 


loads of equal intensity are applied on two spans only, the moment of 


ever, that a moment of about 0.60 


0.60 ue is produced. This loading amounts to a downward loading on 


all but the two spans indicated; in the lower stories of a building it fur- 
nishes the combination of the maximum bending stress, with a large pro- 
portion of the maximum direct stress, since the column receives all but 
one half-panel load of its designed direct load. In the extreme upper 
stories of the building, the loads on two panels only may produce a com- 
bined stress greater than that of full axial load alone, just as with exterior 
columns. 

Considering the plan view of a floor slab, it is possible to choose an 
arrangement of panel loads to produce bending in two directions in a col- 
umn, similar to that in corner columns, but the occurrence of such loadings 
is improbable, and hence their consideration in design does not appear 
justifiable. 


al 
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TESTS ON MOMENT DISTRIBUTION IN COLUMNS. 


(a) Tests of Rigid Frames. Several series of tests have been made 
in recent years to investigate the action of rigidly connected frames of 
reinforced-concrete. One series, made at the University of Illinois * con- 
sisted of tests of eight frames, representing five different’ types. The 
frames ranged from 4 ft. 0 in. to 9 ft. 8 in. in height and from 6 ft. 0 in. 
to 15 ft. 4 in. in width. Members varied in section from about 8 in. by 
§ in. to 8 in. by 18 in. in size. Concentrated loads were applied either at 
midspan or at the one-third points of the span. 

From the tests of these frames it was concluded that the elastic action 
of the frames and the manner of stress distribution agreed fairly well with 
mathematical analyses. With properly designed connections of members 
there was no question as to the continuity of members at joints. The 
moments transmitted to the columns were as much as 50 per cent of the 
full negative moment for the girders in some cases. Since the direct com- 
pressive loads on the columns were comparatively small, the tensile bending 
stresses were large and many cracks were produced in the columns. Fail- 
ure occurred at middle of girders or at junction of girder and columns. 
Similar results were found in an investigation of continuous beams and 
frames made in Dresden in 1912. One type of rigid frame was tested. 
The results of the test agreed very well as to moment and stress distribu- 
tion, maximum load, and manner of failure with the calculated data. In 
the calculations, corrections were made for the decrease in moment of 
inertia of girder sections at midspan as the maximum load was approached. 

A third series of tests of reinforced-concrete frames was carried on 
in 1918 at Bethlehem, Pa.* Nine frames 7 feet high and 15 feet wide, 
were tested, of which six had fillets or brackets at the junction of columns 
and girder. In these latter frames the moments induced in the columns 
were very large (70 to 85 per cent of the full negative moment for the 
girders), and the frames failed at the junction of columns and brackets. 

In all of these tests that have been cited, it is noteworthy that all of 
these reinforced-concrete frames have proved susceptible of mathematical 
analysis. The agreement between analysis and tests appears as close as 
that found in tests of simple reinforced-concrete beams. ‘The rigidity of 
properly designed joints is unquestioned, and the tests serve to prove that 
the action of such structures can be analyzed. 

(b) Tests of Buildings. Very few of the available reports of strain 
gauge tests of reinforced-concrete buildings contain information regarding 
the moments and stresses in the columns. Measurements of deformations 
in columns were made in the tests of the Shredded Wheat Factory build- 


*Analysis and Tests of Rigidly Connected Reinforced-Concrete Frames, by 
M. Abe, Bulletin 107, Engineering Experiment Station, Univ. of Il. 1918. 

Untersuchungen an durchlaufenden Hisenbetonkonstructionen, by Prof. H. 
Scheit and Dr. Ing. BE. Probst. Berlin, 1912. 

*See Structural Laboratory Investigations in Reinforced-Conerete made by 


Concrete Ship Section, Hmergency Fleet Corporation, by W. A. Slater. Proc. 
Aw. df. 1919p. 48. 
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ing,* the Soo Line Freight Terminal slab,* the Schultz Baking Company 
building,* the Worcester test slab,* and the Western Newspaper Union 
building.; It is stated in the reports of these tests that the data on de- 
formations in columns are not sufficiently extensive or definite to establish 
conclusions as to the amount of moment carried by the columns, but in . 
all cases it is shown that quite large bending deformations existed in col- 
umns located at edges and corners of loaded areas. In the Shredded 
Wheat Factory tests, tensile and compressive unit deformations in the con- 
crete of 0.0003 and 0.0004 were measured in columns at the edge of loaded 
panels at a test load of about one and one-half times the designed live 
load. In the Soo Terminal Slab, deformations in.the slab due to the test 
load were very low, but unit deformations in the columns reached as high 
as .0004 and .0008 in both tension and compression, and cracks were 
formed on the tension side of columns, although there was direct com- 
pression present in the columns due to dead load which could not be in- 
cluded in the test measurements. It should be noted that this was a 
one-story structure and the slab was made exceptionally thick to carry 
train loads. In the tests of the Schultz Baking Company Building few 
measurements were made on the columns, the greatest deformations being 
found at a column at the corner of the loaded area. The same observation 
was made in the Western Newspaper Union Building, wherein unit de- 
formations of 0.0006 and 0.0007 were found on a column at the corner of 
the test area at a floor load of 913 lb. per square foot or 3:65 times the 
designed live load. Stresses measured in column reinforcing bars at the 
side of the test panel were 8100 and 10500 1b. per sq. in. and fine cracks 
were observed on the tension side of columns near the bottom of the capital. 
Column stresses measured in the Worcester test slab were in some cases 
beyond the yield point of the reinforcement, and brought about local fail- 
ures in the structure. Readings were taken on wall and corner columns, 
having both large and small capitals. The large capitals added much more 
stiffness to the slab than to the columns. As a result one corner column 
failed before the yield point was reached in the slab reinforcement. Very 
high bending stresses were found in other columns at the maximum load. 

The foregoing examples of observed moments in columns indicate the 
need of more extensive field tests on columns and the correlation of the 
results with the measurements on the slab structure so that the moment 
coefficients for the columns may be formulated. 


s 


RESISTANCE OF COLUMNS TO COMBINED STRESS. 


Design formulas for members subjected to combined bending and com- 
pression are generally derived by superimposing the diagram for uniformly 
distributed axial stress upon that for bending stress. For homogeneous 


*Tests of Reinforced-Conecrete Flat Slab Structures, by Arthur N. Talbot 
and Willis A. Slater, Bulletin No. 84, Engineering Station, Univ. of Il. 


7Test of a Flat Slab Floor of the Western Newspaper Union Building, by 
A. N. Talbot and H. F. Gonnerman, Bulletin No. 106, Engineering Experiment 


Station, Univ. of Ill. 
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materials the result is the familiar equation for stress due to eccentric 


loads: . 
A eo 

ae [1+ =| a 
where § is the maximum or minimum fiber stress, P is the total load, A 
is the area of the cross-section, e is the eccentricity of the load, c is the 
distance from the gravity axis to the extreme fiber, and r is the radius of 
gyration of the cross-section. Without going into the involved equations 
which can be found in many reference books, it may be said that the above 
equation, modified by the replacement of steel area with an equivalent con- 
crete area, applies to the case of combined stresses in reinforced-concrete 
members. 

Tests made by Withey at the University of Wisconsin,* by Bach and 
Graf in Germany,j and tests made at the University of Illinois on eccen- 
trically loaded columns all show a close agreement between measured 
stresses and calculated stresses. The German tests were made on square 
longitudinally reinforced columns with closely spaced ties, the others were 
made on round columns having longitudinally and spiral reinforcement. 
It appears that spirals and ties had little effect on the distribution of 
stress over the cross-section, the deciding factors being the percentage of 
reinforcement and the quality of the concrete. 

From all of these tests it is apparent that the critical point in the 
action of eccentrically loaded columns is reached when the yield point of 
the compressive longitudinal reinforcement is passed. Large deflections of 
the column follow and a redistribution of stress occurs. Specimens with 
a high percentage of reinforcement carried a maximum load as much as 
60 per cent above the yield point of the column, while with smaller 
amounts of reinforcement the maximum load was only about 20 per cent 
above the yield point of the columns. 

In the German tests, eccentricities of as much as 1.25 times the 
overall depth of the square column were used. In other tests, eccentrici- 
ties up to one-sixth of the diameter of the columns were used. It is plainly 
seen that with very small eccentricities the action of the column resembles 
that of the axially loaded column, with initial failure due to compression 
in the concrete. With large eccentricities, the conditions of plain bend- 
ing are approached, and failure occurs when the steel on the tension side 
of the column passes the yield point. The tests at Wisconsin and Illinois 
show that while the stresses in the column beyond its yield point do not 
follow as closely the values calculated from equation (5) as at lower loads, 
even the ultimate loads may be calculated by means of equation (5) with- 
out an error of more than 10 to 15 per cent. This is found to be true with 
spirally reinforced columns as well as with tied columns. 


*Tests of Reinforced-Concrete Columns, by M. O. Withey, Bulletin No. 466, 
University of Wisconsin, 1911. 


jHeft 166 bis 169 der Forschungsarbeiten auf dem Gebiete des Ingenieur- 
wesens, von C. v. Bach and O. Graf. 
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The tests by Bach and Graf showed that when the eccentricity in the 
tied columns was such as to produce a high compression in the concrete 
and high tensile stresses in the steel reinforcement, the ratio of the calcu- 
lated fiber stress in the concrete to the strength of plain concrete cubes was 
from 1.20 to 1.25, while a similar ratio for concentrically loaded columns 
was about 0.77 and for highly reinforced members in plain bending (using 
the straight-line theory), from about 1.50 to 1.80. Many other tests have 
shown that the calculated compressive stresses in concrete beams are much 
greater than the strength of the plain concrete as found from compression 
tests. That is, a much higher stress can be developed on an extreme fiber 
in bending, than can be developed when the stress is uniformly distributed 
over the cross-section. It appears, therefore, that a higher working stress 
in compression may be used on the extreme fiber of eccentrically loaded 
columns than may be used as the working stress for concentrically loaded 
columns.* This statement may require limitations in the case of spirally 
reinforced columns with a large eccentricity of load. Even with an eccen- 
tricity of one-twelfth to one-sixth of the diameter of the column, the 
stress in spirals varies greatly around the circumference of the column, 
being greatest at the side of maximum compressive stress; and high bond 
stresses are developed along the spiral. Furthermore the effectiveness of 
the spiral may be expected to decrease as the eccentricity is increased, 
due to lateral contraction in the increased tension zone. Tests of spirally 
reinforced columns with large eccentricities of load are needed to show 
whether fiber stresses may be developed which are higher than the stresses 
developed in axially loaded spirally reinforced columns. 


SUMMARY. 


In review, it. may be stated that while bending moments are not com- 
monly considered in the design of reinforced concrete columns, it is known 
that such moments exist and frequently cause stresses of considerable im- 
portance. Provision for such stresses which are practically certain to 
occur with ordinary conditions of loading seems logical and proper. At 
the same time it seems justifiable to use higher working stresses for the 
condition of an extreme fiber stress than for the condition of an uniformly 
distributed stress which has no possibility of a favorable redistribution 
over the cross-section. 

The values of column moments given in this paper are not the result 
of freakish or improbable loadings. There are many other possible arrange- 
ments of load that will produce moments nearly as great as the ones given. 
It is felt that the moments shown may be taken as a basis for the design 
of structures of ordinary proportions. For other types of structures the 
methods used here should prove useful in analyzing the effect of the par- 
ticular conditions encountered. 


*A study of this subject has been made by Mr. A. R. Lord, in the work of 
Committee H-1, A. C. I., and recommendations regarding working stresses are 
being formulated. 


DISCUSSION. 


Ciypr T. Morris.—I wish to express my appreciation of the work 
Mr. Richart has done in preparing this paper and in getting these column 
moments into shape where a man can use them in an actual design with- 
out the extreme amount of work that is necessary in the slope deflection 
method, and still get results which he can feel are somewhere within 
reason. I want to call attention to a property of concrete which may have 
some bearing on the stress that will be developed at the connection of 
the column and girders, and that is the’ property of flow, the time factor 
in adjusting the concrete to the deformations which take place. The 
flow of concrete is a very definitely known factor, and Mr. MeMillan’s ex- 
hibit out here in the exhibition room showing the flow in a beam or slab 
that he has had loaded for ten years is very instructive. The deformation 
of concrete continued for something like four or five years before the 
curves became horizontal. I think that the dead-load moment in these 
connections can perhaps be greatly reduced if not neglected in the design. 
The live-load moment of course must be taken into account, because it 
may be there today and away tomorrow. I just wanted to call attention 
to this fact, and this may be one.reason why there are fewer failures than 
you would naturally expect when you analyze existing buildings accord- 
ing to the slope deflexion method. When you find the theoretical bending 
moments at the corners run the fibre stresses up to 1800 lb. per sq. in. 
without failure, I think perhaps flow has a good deal to do with it. 

S. C. HoLtister.—There may he some interesting viewpoints on the 
paper when you transcribe some of the moments that exist in a rein- 
forced-concrete building into unit stresses. A couple of years ago I analyzed 
an eight-story warehouse frame for the purpose of investigating what the 
possible moment in the columns might be. The live-load was 200 Ib. per 
sq. ft. uniformly distributed. It was found that the unit stresses in the 
wall columns in the lower stories averaged about 80 lb. per sq. in. on the 
extreme fiber; that the last story,—not the roofs but the last story,—had 
stresses of about 800 Ib. per sq. in. extreme fiber, and that the roof story 
had over 1000 lb. per sq. in. extreme fiber stress. Now these stresses would 
indicate that there would be a very serious condition in the frame structure 
if we took them on their face value. 

Professor Morris has already referred to the flow in concrete under 
load. We know that in the case of ordinary concrete cylinders and alse 
in the case of beams and slabs tested under continued loading, concrete 
relieves itself or compacts itself in a plastic fashion under continued 
loading. The steel stresses are affected somewhat by this condition on the 
tension side, but if there is any compression of steel reinforcement, the 
stress in the compression steel is greatly increased. Correspondingly, the 
compressive stress in the concrete where the compression area is rein- 
forced is considerably reduced. 
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The likelihood of loading such as have been described by Professor 
Richart in his paper is an important consideration in the design of such 
a structure and in taking into account such coefficients as he has shown. 
It is quite probable that moments of the magnitude he describes will be 
found in the average structure subject to variable load conditions. This, 
of course, does not, as a rule, apply to such buildings as office buildings, 
hospitals, schools, and the like; but it is much more important in the case 
of heavy duty buildings. The coefficients as described in the paper are 
a function of the relative stiffness of the columns and the girders, as has 
been shown in some of the charts, especially in Fig. 3 of the paper, in 
which the ordinates in the chart are percentages of a full negative 
moment of the loaded panel and the abscissae are the ratio of the stiffness 
of the column to the stiffness of the girder. Now it is very important to 
recall that in the lower stories where the columns are stiff, it may be on 
a flat portion of these curves; but that, correspondingly, since our struc- 
ture is heavy at that portion of the frame, the unit stresses resulting from 
such moment are relatively small. However, in the upper portions of the 
stories where the unit stresses are high, the ratio of the stiffness of the 
column to the stiffness of the girder is seldom more than unity; in other 
words, the moment coefficient is much less than it would be in the case of 
a column in the lower portion of the frame. That means that a coefficient 
of 40 per cent of the fixed moment is sufficient for consideration in the 
upper story; and although one might consider even a higher percentage 
in the lower stories, it is hardly worth while to make that separate analy- 
sis because of the relatively small unit stresses resulting. Starting from 
the roof down, if one investigates approximately four stories, he has usu- 
ally covered the maximum effect of these eccentric loadings. Except in 
special cases, the unbalanced moment in the wall column may be balanced 
by carrying the spandrel beam on the outside of the wall column and 
carrying the wall on that spandrel beam. 

As Professor Morris has stated, it is quite likely that because of the 
flow in the concrete of the column and of the frame in general, eccentricities 
due to dead-load are very likely compensated by the plastic effect. The 
live-load moment, therefore, is the thing which should be considered 
largely in the matter of eccentricity. 

The flow in the concrete introduces another very serious consideration 
when we analyze combined flexural and direct stresses. In the case of a 
spirally reinforced concrete column, the unit stress on the core for axial 
loads is relatively high, as when compared to the unit stress allowed in 
the extreme fiber of a beam, for example. If we submit a spirally rein- 
forced-concrete column to a considerable flexural stress so that there is 
an added increment due to the eccentricity of the load or due to the 
moment, then on one side of the column we have a very high stress and 
on the other side a smaller stress. If the flexural stress only is relatively 
large when compared to the combined flexural and direct stress, undoubt- 
edly we should reduce the combined stresses in the column over what we 
would normally consider for axial loading. 
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The hooping of the column is an important function in-column carry- 
ing capacity. If we have flow of concrete in a column, it has become of 
greater importance and we cannot further endanger the situation by in- 
creasing on one side of such a system the unit stress in the core and 
reducing it on the other side, thereby causing a serious eccentricity. By 
virtue df the flow in the concrete, also, the stress in the longitudinal steel 
has become considerably increased, or as some have offered as a suggestion, 
the longitudinal bars may slip somewhat and thus relieve some of the 
stress. Whether there is slipping or actual maintenance of the bond 
between the concrete and the steel, there, is undoubtedly an. increase in the 
stress in the longitudinal steel and a decrease in the stress of the concrete 
due to flow. In general, so far as the combined stresses are concerned, 
the serious condition arises only when the flexural stresses due to live-load 
form 30 per cent or more of the combined flexural and axial stresses of 
the concrete. So far there are very little data on the subject of flow in 
columns of reinforced-concrete. There is certainly a very much needed 
field of research, both for the subject of columns and for the subject of 
other members such as arches and structures where the compressive stress 
is continuous over a long period. 

W. A. SLATER.—I do not want to take up very much time; I want to 
suggest something which may seem a little bit bolshevik in its nature. 
The load tests and strain-gauge measurements that have been made indi- 
cate pretty clearly when all the elements are taken into account that the 
moments which have been found by rigid analyses are present in a struc- 
ture. They indicate that in general the stresses in the columns are more 
severe than the stresses in the slabs, and yet we do not know of any 
failures of buildings except during construction, usually during cold 
weather and where bad construction conditions are combined with design 
so deficient that it would not meet the requirements of any code. It seems 
to me that instead of increasing the size of columns, there is a possibility 
that the adjustment between our analytical results, the results of the tests, 
and the consideration of economy, may even come to the point of modify- 
ing downward the moment coefficients for the floor portions of the struc- 
ture, somewhat as we have done for flat slabs on the basis of the test 
results. 

The subject of what may be used as the moment of inertia of flat slab 
has been discussed briefly. The results found in the test of a flat slab at 
Worcester, Mass., in 1913, reported in Bulletin 84 of the University of 
Illinois, indicate that for the wall panels of that slab considerably less 
than half the width of the slab from column to column ought to be used 
in computing the moment of inertia. At the wall column those bars which 
fell outside the column capital got very little stress in proportion to those 
which crossed the column capital. I think the reason for this and its 
bearing upon the subject under discussion will be obvious. In this slab 
there was no wall beam. 
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K. 8. Martin (by letter).—This question of secondary stresses was 
quite generally neglected ten years back but is now generally required to 
be investigated in designing. The method of applying these principles 
merits more discussion than appears in our transactions. Without so 
definitely stating, it is the intent apparently of our Building Codes Com- 
mittee Report that designs shali satisfy secondary and direct stresses in 
the same way and with the same limiting unit stresses. I submit that this 
is unnecessary and is not the practice in structural steel design. 

A requirement that combined bending and axial stresses shall be 
within the limits given in our building codes for next sections of fire- 
proofed columns is equivalent to the assumption that a disastrous fire 
will occur spalling off the 114 or 2 in. of fireproofing when the column is 
under the most adverse conditions for flexture and direct stress and that 
we want it to be perfectly safe with the usual factor of safety. One should 
bear in mind that we probably have a half million concrete buildings in 
America, while such disastrous fires that have so far occurred in them can 
be counted on one’s two hands. We propose, then, to design 50,000 build- 
ings so that one of them may have a factor of safety of four in this bad 
fire. It is really saddening when concrete engineers get into the frame of 
mind of the old maid political orators tell about, who got to thinking one 
day that if she should have a beau and if they should fall in love, and if 
they should get married and if they should have a baby and if the baby 
should get the whooping cough and die, how bad she would feel. 

Gross sections of columns should be considered in investigating bending 
with axial loads both for determining the moments and unit stresses 
sustained. 

Even after going to the length of providing sections such that com- 
bined stresses will be within usual requirements in a disastrous fire with 
eccentric loads and fireproofing spalled off, verticals probably heated, at 
least exposed and bond broken, how much flectural strength does a concrete 
engineer think such a column has? 

F. E. Ricwarr (by letter).—Replying briefly to these very welcome 
discussions of this paper, I must agree with Professor Morris that plastic 
flow of the concrete may relieve a large part of the dead load bending 
stress in columns. The condition is analogous to that in the continuous 
reinforced-concrete beam, where it has long been recognized that permanent 
deformations may occur under dead loads. Here, while this has resulted 
in the specifying of coefficients for negative moments at the supports, 
under combined live and dead loads, that are somewhat smaller than the 
amount indicated by elastic theory, I doubt whether we are ready to 
accept co-efficients based on a zero negative moment for the dead load 
portion to be carried. More data are needed on plastic flow of concrete in 
restrained or indeterminate structures. 

Regarding the statement by Mr. Hollister that in the upper stories of 
a building the ratio of the stiffness of the column to the stiffness of the 
girder seldom exceeds unity, thus resulting in a column moment smaller 
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than the ones suggested in the paper, I believe that this may apply to 
beam and girder construction where the depth of girder is not restricted, 
but it will not apply in general to flat slab construction. I doubt, too, 
whether it is safe to say that the upper four stories of a building will 
contain all columns in which the bending moments need consideration. 

The questions of flow in spirally hooped columns and of failure of 
columns subjected to large eccentricities of load are matters concerning 
which there may be a great deal of speculation; the only convincing answer 
to these questions lies in adequate and careful observation and study of 
columns in field and laboratory. 

Objection is made by Mr. Martin to the consideration of what he 
terms “secondary” stresses combined with axial stresses under the same 
allowable unit stresses. This may be answered by quoting from the paper; 
“It appears that a higher working stress in compression may be used on 
the extreme fiber of eccentrically loaded columns than may be used as the 
working stress for concentrically loaded columns,” with certain limitations 
in the case of spirally hooped columns. ~ 

As methods of stress analysis are improved to meet the actual condi- 
tions of the structure, the need for a large factor of safety diminishes. 
As we all know, the allowable extreme fiber stresses in reinforced-concrete 
are gradually being revised upward, as are also the allowable shearing 
unit stresses. Such changes must come slowly and depend upon the quality 
of materials and workmanship that can be secured regularly as well as 
upon the degree of refinement used in design. 


QuEsSTION Box FoR CoNSTRUCTION SUPERINTENDENTS. 
Vice-President M. M. Upson in the Chair. 


Mr. Upson.—These questions before you are not drawn from the 
imagination of our secretary. They are actual inquiries that have come 
from the various men who have been solicited for subjects of importance 
to put before a meeting of this kind. And as we progress with these I 
hope that anything that is collateral or has a bearing that may come to 
your mind will be brought to the attention of the meeting. 

We will take up the questions in order. 


CoLp WEATHER METHODS, 


Discuss protective methods in mixing and placing concrete in 
freezing weather with a view to obtaining the best results possible. 


What is the effect of freezing temperature upon plain or rein- 
forced-concrete slabs? What is the effect wpon plain walls and 
reinforced colunms and beams (assuming that Ye-im. form work is 
used)? To what extent does heating with fires under forms affect 
the result? What is a safe table to use giving the time necessary to 
leave supports below beams and slabs under the above weather 
conditions? 


My chief concern now is concreting m cold weather—how many 
salamanders per cubic ft. of bwilding and canvassed-enclosed walls. 
Do all or any of the anti-freezing compounds work satisfactorily under 
general building conditions and what is the lowest temperature at 
which concrete can be placed successfully? I appreciate that if one 
had an unlimited expense account to have everything ideal, concrete 
can be placed at u very low temperature, but every contractor's am 
is to put it in at the least expense, and ordmary buildings, unless the 
owner will stand the extra expense, do not permit this additional cost. 


How do you keep curtains on a building when the wind blows 


from 40 to 60 miles per hour? Would really like to know, as I have 
had 30 curtains blown to shreds this past week. 


ACCELERATORS. 

I have many times been provoked at cement concrete setting 
slowly in cold weather; a cement finisher will have to wait several 
hours for the cement to set sufficiently to work it and of course 
charge for the time waiting; with the present high wages, it makes 
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quite a difference between winter work and that of summer. Is there 
anything a person can use to hurry the setting, without injuring the 
strength of the fuvished product, owtside of heating materials to be 
used? The firm I am with is rather suspicious of all kinds of dope 
advertised for this purpose. 


What are the advantages or disadvantages of using calcium 
chloride to accelerate the hardening of concrete? If calciwm chloride 
is used iw floor finish, does it have any effect on the use of floor 
hardeners at a later date? Does calcium chloride, when used in con- 
crete have any effect on steel reinforcement or structural steel coming 
in contact with the concrete? Has any trouble been experienced by 
cement finishers when an accelerator has been used in floor finish? 


J. C. Grapy.—We have just completed a very interesting structural 
steel job. We estimated the job with a winter weather allowance. Our 
actual cost today, pursuing a different method, that is, precasting the 
concrete roof slabs and putting them up in place, is exactly the same as 
if we had cast it in place and in summer weather. 

Mr. Upson.—How do you join them? 

Mr. Grapy.—They join on the top of the I-beams. We fill the joint 
with mortar after they have set. 

Mr. Upson.—Do you protect that? 

Mr. Grapy.—We put calcium chloride in that mortar, yes. It prob- 
ably froze a little, but not enough to hurt anything, just enough to hold 
them in place. 

Mr. Upson.—What is the size of those slabs? 

Mr. Grapy.—T wo feet wide and eight feet long. 

Mr. Urson.—How do you handle them? 

Mr. Grapy.—A little hoist, with about a 15 hp. electric motor, and 
a little A-frame that slides along and hoists them right up and sets them 
in place as they go on the roof. 

Mr. Upson.—Had anyone had any experience in putting anti-freezing 
material into the aggregate? I can recall very well 23 years ago building 
one of the first reinforced-concrete buildings that I ever had anything to 
do with, where we used a very liberal supply of salt in our water. 
We placed concrete with the thermometer at 25 below zero, and in com- 
paratively thin walls, walls from 8 to 14 in. thick. This seemed to work 
very well. We kept thermometers in pockets in the concrete, protected 
them with straw, and had all our materials well heated, so that the tem- 
perature of the mixture when it went into the wall was about 85 deg. 
The walls turned out remarkably well, no defects whatever. 

I would like to ask Professor Abrams if the latest findings of the 
Lewis Institute are against the use of salt water, 

D, A. ABRAMS.—We have made a great many tests on the effect of 
common salt and other soluble compounds on the strength of concrete. 
We have not made any tests with reference to their effectiveness in pre- 
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venting freezing. We found that 2 or 5 per cent of salt had the effect of 
increasing the 3-day strength of concrete about 20 per cent; with the 
higher percentages of salt the strength of concrete was in all cases below 
normal; at test ages after 7 days all percentages of salt decreased the 
concrete strength. At ages of 28 days and older the strength of concrete 
mixed with 3 per cent salt was about 82 per cent of normal; 5 per cent 
salt about 75 per cent of normal; 10 per cent salt about 65 per cent of 
normal and 20 per cent salt about 60 per cent of normal strength. 

Sea water, which contains about 3.5 per cent of salt (mostly common 
salt) gave about 85 per cent of normal strength for concrete cured in a 
damp condition, and about normal strength for concrete cured in air. In 
other words, so far as strength is concerned, sea water gives about as good 
results as ordinary water. This has also been borne out by experience in 
the use of sea water in construction work. I have in mind particularly the 
work on the Florida East Coast Railroad; most of the concrete viaducts 
in the Key West Extension were built with sea water. So far as I know 
no tests were made, but the actual behavior of the concrete, which has 
now been in place some 12 or 15 years, indicates that entirely satisfactory 
results were secured. 

Mr. Upson.—Have you found any substitute for salt as an anti- 
freezing remedy? 

D. A. AprAMSs.—I would be inclined to say as a result of the tests 
made by ourselves and others that calcium chloride is much more satis- 
factory than common salt. Salts for use in freezing weather have two 
very different functions: 


(1) To slightly depress the freezing point of the water: 
(2) To accelerate the early hardening of the concrete. 


The following table shows the effect of certain percentages of common 
salt and calcium chloride on the freezing point of water: 


Freezing Point—Deg. F. 


Solution by weight Common Salt Calcium Chloride 
0 32.0 32.0 
1 30.5 31 
2 29.3 : 30.4 
5 PAA 20.0 
10 18.7 21.4 
20 6.1 —1.5 


Commercial calcium chloride was considered (75 per cent CaCl,). 

It is seen that too much dependence should not be placed on the 
lowered freezing point of the mixing water. However, against small de- 
grees of frost, they would be helpful if used with discretion. 5 per cent 
common salt lowers the freezing point about 6 deg. F., but reduces the 
compressive strength of the concrete about 25 per cent. 
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Calcium chloride has a very much greater effect than any other salt 
we have experimented with in hastening the early setting and hardening 
of the cement. It seems to behave differently with different cements, and 
we don’t know just why it acts that way at all, but for the usual cement 
we get an increase in strength at 2 to 3 days ranging from 20 to 40 per 
cent. At 7 days that effect is a little less, probably from 10 to 15 per 
cent. At 28 days it has practically vanished, and in later days there is 
no material effect at all. 

A more complete report on our tests of concrete mixed with salt 
water, sea water, ete. will be found in my paper on “Use of Impure Waters 
for Mixing Concrete.” ; 

For cold-weather concreting, it is much better to depend on heating 
the materials and the concrete and on keeping the structure warm by the 
application of heat, than to place too much dependence on chemicals. 

Mr. Urson.—Isn’t it true that the setting of cement generates heat 

usually? : 
D. A. ABRAMS.—It does always; but the heat is generated so gradu- 
ally and is dissipated to such an extent that in most cases it is of little 
importance. In large masses of concrete a very material increase in tem- 
perature occurs during the setting of the cement; temperatures above 
the boiling point have been observed. 

W. IF. Tusesrnc.—The only way to protect concrete work in winter 
is to have all the aggregate properly heated, so hot that there won’t be 
big balls of frozen material in the aggregate, but so that when that con- 
crete comes into the forms, if you stand in it with your rubber boots you 
can feel the heat coming through your boots. And then have sufficient 
salamanders. We should put on record just how many salamanders you 
need for a certain number of column spacings, with a certain height of 
floors, ete. 

J. A. TuRNER.—We canvas in around the outsides so as to make a 
tight enclosure. Then we leave heat holes through the slab to permit the 
heat to come up through the top, and then cover the top surface also with 
canvas, so you will have the same temperature not only on the bottom of 
your slab, but also on the top of the slab. 

Mr. Upson.—Have you any definite rule with respect to the number 
of salamanders you use per square foot? 

Mr. Turner.—That varies a good deal according to the locality. 
Taking temperatures like the Middle States average, or New England, 
you have to have space in salamanders to produce a temperature of some- 
where near normal, 60 or 70 deg. I think it is very important, if the 
weather is cold, that the heat holes be provided and canvas put over the 
top, so you get the same setting from the top down in the slab as from 
the bottom up. 

Mr. Upson.—How close to the column do you ever put a salamander? 
What is your minimum distance? 

Mr. Turner.—It has to be kept away 3 or 4 ft., so there is no danger 
of setting fire to the canvas, and the same applies to the canvas and the 
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shores. It is particularly important also to build coke fires and not 
wood fires. I have seen times where they put sticks of wood in and the 
stick will probably stand up quite a ways above the salamander and it 
will finally burn off at the bottom and the stick will fall over and set fire 
to something. 

Mr. Upson.—I think there is another point there that should be made 
plain, and that is the danger of heating your concrete and drying it out 
too quickly. My observation has been that a too rapid and too great 
heat close to green cement very much deteriorates the cement. 

N. J. Goutp.—How about this tenting in over the top; how do you 
keep that out of the concrete? A-frames? 

Mr. TuRNER.—We have a light framework that holds the canvas up 
a foot or two above. 

J. G. Auntrrs.—I think there is only one safe rule to follow in the 
number of salamanders to use, and that is to have thermometers at the 
top of the columns and down near the bottom, because invariably the 
columns will freeze at the bottoms first. And then make your night men— 
in the daytime you always have it warm enough—but have your night 
men keep records of those temperatures. That is the only way I have 
found it safe to know what is going on where you are not there at night. 
One rule we follow is one salamander per bay per floor and increase that 
when it is cold or windy and keep plenty of salamanders on your wind- 
ward side. 

O. F. Priester.—We have been heating our sand and using rather 
warm water, but not heating the gravel aggregate up, and we have found 
that we maintain a temperature of about 60 to 70 deg. in the concrete as 
it goes into the forms. I wonder if the men who in addition to the above 
heat their gravel, find their concrete as it goes into the forms can be 
maintained at that temperature. 

Instead of covering with canvas, we have covered over the thinner 
slab with a layer of straw, about 18 in. thick, where we haven't finished 
floors. 

Mr. Urson.—Do you leave holes through? 

Mr. Prirster.—-No, we haven’t done that. We have found that the 
concrete at the top is set, and that we get a hard surface. 

C. G. DUNNELLS.—On several operations in Pittsburgh, in the down- 
town part of the city where the steam was easily obtained we have used 
instead of salamanders live steam lines and we have found that to be more 
satisfactory than salamanders. Such a proposition is not possible where 
the plant is isolated from a heating line. 

J. A. TURNER.—How do you provide sufficient radiation? 

Mr. DuNNELLS.—Simply by using a considerable number of pipes. 

R. F. Eeetnorr.—tThere is one point I think should be covered in this 
matter of heating of concrete, and that is the injurious effect to the fin- 
ished floor by the gases from the Salamanders. J would like to know how 
that is overcome, the softening of the top finish due to the action of the 
gases. 
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Mr. Upson.—It would seem to me that if the weep holes or the vents 
were large enough so the volume of air was sufficient to reduce the con- 
centration of the gases that that danger would be obviated. I should think 
it would be only when the holes were so small they had a concentrated 
gas. 

S. °C. Hortisrer.—In 1918 some construction work was carried on 
entirely enclosed, with steam escaping in the enclosure, and the tempera- 
ture was maintained at 50 deg. for three days; the outside temperature, 
the mean temperature for the three days was 12 above zero. The pres- 
ence of the steam not only maintained the necessary temperature, but also 
kept the air damp, which was advantageous to the curing of the cement. 
The concrete resulting—of course, the mixture was a rich mix—was 
equal to concrete of the same mix using the same aggregates and cement, 
under normal weather conditions. 

W. F. Tusesinc.—The biggest danger from salamanders is when you 
don’t protect the bottom with sand, and the heat goes through ard leaves 
a spot of probably three or four feet in diameter which is badly affected 
from the heat going down from the bottom of the salamander. We have 
to put about 3 in. of sand over the floor, and then set our salamanders on 
top of that. 

Mr. Urson.—That is an important matter. How much sand do you 
use, Mr. Turner, for that? 

J. A. TURNER.—Just two or three inches, for a radius of about five 
feet. That will prevent the ashes and heat from going down. 

There is one matter I think it is well to mention further. That is 
the importance of heating the materials before the concrete is mixed. I 
think it is erroneously understood in some places that if you thoroughly 
heat your concrete after it has been put in place, you don’t have to pay 
much attention to heating the materials before it is mixed. I remember 
a few years ago I had some tests made, at the University of Pennsylvania, 
taking aggregates from outside when the temperature was about 20 deg. 
and not heating them but mixing them up just as we found them, with 
cold water, and then putting them in inside, where the temperature was 
70 deg., and I found that you couldn’t get more than about 1000 to 1200 
Ib. strength on that concrete, even though it was kept from freezing after 
it had been mixed. Apparently there is some chemical action there that 
must take place when the cement is setting that can’t take place if the 
material is chilled. : 

I also found at the same time that if you took the materials from 
the outside when the temperature was 20 deg. and heated the material 
and mixed your concrete and then instead of protecting your concrete, 
putting it outside and letting it stay in the cold, the concrete was stronger 
later than it was by the first method. I think it is very important that 
everybody understand that materials must be heated, the chill taken off, 
that is, if the heat is thoroughly kept-up to 50 deg. at least before it is 
mixed. I think that is really more important than the protection of it 
afterwards. 


a ee a oe 


QUESTION Box FOR CONSTRUCTION SUPERINTENDENTS. 529 


STanTton WALKER.—In connection with heating the aggregates, I call 
attention to a method that was used on a job this winter with which I 
had some contact. Here they introduced live steam into the mixer; the 
aggregates were not heated, the water was heated. We had occasion to 
make some tests of this concrete, and were able to compare it with similar 
concrete made under normal temperature conditions. This was mass 
concrete, placed at temperatures below freezing, not extremely low tem- 
peratures, however. ‘The only protection that was given the concrete was 
to cover the forms thoroughly with canvas, and very satisfactory tempera- 
tures were maintained inside the forms by this method. Apparently the 
temperature of the concrete when it went into the forms, together with 
any heat that may have been generated by the cement, was sufficient to 
maintain entirely satisfactory temperatures in the concrete. There were 
few frozen lumps. 

Warm water alone is not sufficient to help the strength of the con- 
crete. In some tests that have been carried out at our laboratory, in 
which we used mixing water at various temperatures, mixed with aggre- 
gates and cement at ordinary temperatures, we found very little effect, 
due to the temperature of the mixing water. In other words, the heat 
of the mixing water was very quickly dissipated in attempting to warm 
up the aggregates. 

CoNCRETING INCLINED SLAB. 


What is the best way to concrete an inclined slab so as to secure 
the best results, both in regard to strength and looks, at the same 
time with facility in handling the concrete? 


Miss Kare GiEason.—l tried that and succeeded with burlap; put 
burlap over the bottom of the form, or the roof, if you are using it as I 
did, for a roof. I have had perfect success. 

Mr. Upson.—On the inclined slah? 

Miss Greason.—Yes. The burlap has enough holes to fix the wet 
concrete as you put it on; it goes on as fast as you can put it, it doesn’t 
run at all. 

Mr. Upson.—That is on the bottom of the slab or on the top of it? 
Miss GiEason.—On the bottom of the slab. 

Mr. Urson.—Then you finish the top of the slab. The incline is not 
enough to make the material entirely run. 

Miss Girason.—It doesn’t run at all, it stays right there. I did it 
on the roof of one of my little houses. First I tried to put it on the 
top of the ordinary roofing material and it ran; so when I used the burlap 
without any underpinning, without any forms, and the burlap sagged 
somewhat, enough so that my material came too thick in places, it took 
more concrete than I wanted to put on; so the next one I did I put on 
a very cheap roof, made of odds and ends, the more nails the better, and 
put the burlap on that. Then I put chicken wire and simply poured the 
concrete on. When I sold the house I told the man that that was an ex- 
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periment, and if anything happened to his roof I would make it good, and 
it has gone through three frosts and thaws and doesn’t show the least bit 
of trouble. 

D. A. ABRAMS.—Up in the Iron Range where they ship great quantities 
of iron ore they use inclined bottoms for these ore pockets. The slope is 
so steep there that it is not practical to build them in place, so they build 
them separately and set them in place. That is one way to get around it. 

Mr. Upson.—I have also had forms built on both sides and on the 
top of the form lay up one board at a time, paddle it in and lay up one 
board and paddle it in and lay up another board, on coke bins and steep 
inclines, where you have to have forms on both sides. That is slow and 
expensive work. 

S. C. Hortisrer—During the construction of the concrete ships, in 
which under some phases of construction inclined slabs, and even curved 
slabs, were cast, the scheme was to cast the slabs with forms on beth sides, 
the forms on the top side having a space. of about 18 in. of surface up 
the slope, being kept in place, and the next 18 in. being a removable panel. 
That gave an opportunity to cast the concrete by introducing it into the 
forms, about every 3 ft. along the slope. In that fashion a good deal 
of the expense was reduced that would otherwise be present by building 
up the top forms as you went along. The percentage of steel was very 
high, the slabs were thin, the difficulty was great in casting a slab of, that 
kind. Nevertheless, a consistency was used that would correspond to 
about a 2%-in. slump, and that is a very~stiff mix. And an air hammer 
or a pneumatic hammer or an electric hammer was used, with a mush- 
room chuck to vibrate the bottom form, and that gave fluidity to the 
mass, and a very dense slab resulted. No trouble was found after the 
removal of the forms, either on the upper or lower face; the concrete 
thoroughly compacted about the steel and filled the entire space. 


MACHINE TO Make SEPARATORS. 


Would there be a demand for a machine, the cost of which 
would be very low, for turning out in quantity concrete separators 
and doughnuts for use in wall and column forms? ; 


J. G. AHLERS.—We have a small machine we made ourselves, about 
four or five years ago, and it is still doing service. I don’t believe it has 
cost us more than fifty dollars to make it. We made some brass molds 
and brass pins that go down through it; it is a very crude sort of a thing, 
but it does the work. These doughnuts we all make by hand, a little tin 
mold and form it in there and just set them aside to cure. I don’t believe 
it would be commercially practical for anybody to go into the business of 
making these machines, because they would be so cheap and there wouldn’t 
be enough of a market for them. is 

Mr. Upson.—Do you use them on the beams at all or on your slabs? 

" Mr. AWLERS.—No; we usually use commercial metal separators that 
you can buy from a number of manufacturers. 
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R. F. Eeetnorr.—ti have found that in using the doughnuts they are 
very apt to be broken in tieing them to the column bars and handling 
the column steel. We have changed to the use of a ‘““U” separator, some- 
thing which can just be dropped over the hoops on the columns and can 
also be used on the beams, dropping it over a %-in. bar tied to the stir- 
rups, thereby keeping the stirrups away from the beam side. It works 
very satisfactorily. 


Four-CYLINDER GAS ENGINES. 


Is the new four-cylinder type of gas engine more dependable than, 
and superior to, the old one-cylinder? 


FRANK L. Ginssperc.—tIn certain machines the one-cylinder engine is 
still most successful. Up to 5 hp. we have found it to be universally the 
simplest and the easiest to operate. Above that we are getting into two- 
and four-cylinder engines, in our half-yard mixers and three-quarter yard 
mixers, and as high as 16 hp. and over, we are getting into the four-cyl- 
inder engine. Now various manufacturers have on the market large 
units, up to one-yard concrete mixers, which are being handled entirely 
by four-cylinder gasoline engines, displacing the old electric motor and 
the steam engine and paving equipment is now universally gasoline driven, 
by four-cylinder engines, of from 25 to 40 hp. We have even got them 
as far as steam shovels and big locomotive cranes that we laughed at two 
or three years ago. We are now using four-cylinder gasoline engines be- 
cause of their simplicity and their economy of operation. We do away 
with licensed engineers and licensed firemen in some localities where that 
is rather expensive, night watchmen, and excessive overhead on days when 
you are not operating and still have to maintain power in these machines. 

Getting back to the smaller units, I would say that the single cylinder 
engine in mixers up to one bag, say, is the more economical and the more 
easily handled unit than the multiple cylinder engine. ; 

Mr. Upson.—In using gasoline engines for pile drivers we get away 
from a very important item, and that is the item of coaling a machine of 
that type. I was interested in observing the expense of operating pile 
drivers out in California. In New York it costs fifteen to twenty dollars 
a day to coal a pile driver. Out there it costs $1.25 a day to oil it. That 
is, the oil required to fire the steam engine. 


REINFORCING DETAILS. 


Is it not reasonable to ask and to expect that element of the 
architectural profession and some of the engineering profession who 
now furnish comparatively meager details of remforcement, to show, 
in fully detailed and properly referenced drawings tying im details to 
floor plans, the arrangement of rods at points of intersection of beams 
and girders; also, notes with reference to steel in structural mem- 
bers such as 1%4-in. square rod—50 per cent bent up at quarter 
points? Responsibility shirked by the architect is thrown upon the 
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contractor, who passes it along to the job superintendent, where it 
reposes as a misplaced burden. The extent of this weakness on the 
part of arcihtects may be judged by the action of the bar. companies 
and their agents of setting wp organizations to furnish purchasers 
with workable reinforcing details. 

~My observation of that is that a contractor now, im order to be 
successful, generally has to be able to supply those details. I would 
like to know what the rest of the audience thinks about it. 


Max Dunnine.—At the present time I think the great majority of 
the better architects are employing structural engineers to design their 
concrete, and there the reinforcing goes with it. There are, of course, 
some architects who hesitate to go to that expense, but they are the kind 
of architects that I think the contractor is also afraid to do business 
with. It has been my practice in this line of work always to make 
complete structural floor plans, to make cross sections of every beam on 
the job, to make typical elevations of beams that are different, to show 
the spacing of the stirrups; not necessarily complete bar details, but to 
give sufficient information to the contractor so that without any trouble 
and without any questions he can go ahead and make his complete job. 

Mr. Upson.—I would like to ask you what your sentiment would 
be with reference to letting the work to two different concerns, one concern 
who had a complete engineering organization who could check your plans 
and co-operate with you and co-ordinate with you, or to the one who 
would take your instructions and follow them out without asking any 
questions? Which would you rather have? 

Mr. Dunnine.—I didn’t mean that I didn’t want the contractor to 
ask any questions, but I mean to give him sufficient information so that 
it really wouldn’t be necessary. Now if he wants to ask them it is all 
right. I didn’t mean that. 

Mr. Upson.—I am in perfect agreement, there is no contention about 
it, but I was just bringing out the point whether the architect would rather 
have his medicine taken without asking any questions or whether he would 
rather have a man who would sit down with him and ask questions about it. 

Mr. Dunnine.—Any architect or any engineer would always welcome 

‘any constructive criticism. 

LL. H. Attrn.—The question here seems to presuppose that an architect 
or an engineer shirks his job if he doesn’t give a complete drawing given 
of every beam, and I suppose every bar in that beam. I think it is hardly 
fair to beg the question that way, as has been done here, and I don’t think 
that the contractor has a right to expect such a complete drawing. On 
the other hand, I think the architect has a right to expect the contractor 
who undertakes a reinforced-concrete job knows how to place steel and 
how to assemble his reinforcing. When an architect details a door he 
doesn’t show how the sash bars are mitred into the top rail, and all the 
other little details, because there is a supposition that the mill man knows 
how to make a door before he bids on the job. I think that any reinforced- 
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concrete contractor who bids on a job ought to know, and his superin- 
tendent ought to know, how to place his reinforcement before he under- 
takes the job at all. And it is economically impossible to give a complete 
detail of every beam on a job. It would seem to me that it is sufficient 
to indicate the reinforcement, and not show things such as the details 
of assembly, which are shown in any textbook, which any student should 
know. 

J. P. Scuwapa.—I don’t believe that the detailing of reinforced work 
can be compared to the detail of a door, because upon the details, the 
correct carrying out of the details of reinforced work, only by the success- 
ful carrying out of those details can we obtain a structure which is safe 
and installed as it was originally intended, while a little change in the 
door is really unimportant. 

I have been giving this matter of detailing some consideration, and 
I have arrived at the conclusion that the engineer should be expected to 
show all the details. For two reasons. In the first place, it is the only 
way whereby he will obtain the job that he wants, and, in the second place, 
I am satisfied that in the long run he pays just as much for the work as 
if he were to detail it in the first place. On all important structures for 
the city of Milwaukee we show the complete elevation and plans, we 
show every bar, we number every bar, and then we make a bill of bars. In 
this bill of bars we show the number of the bar, and that number is shown 
on the plans. We also show the size, the length, the weight per foot, 
the total weight for the particular type of bars. We also show bending 
diagrams, and then we show just exactly where those bars go, and we find 
that we save considerable time not only in the office, but in the field. The 
contractor knows just exactly what is expected of him. 

On the other hand, if you leave it to the reinforcing bar companies, 
they will charge you, as they do in Milwaukee, I think, about a dollar 
and a half a ton for making those details. Then those detailed drawings 
are brought back to the office and we are asked to check them, or, in 
other words, the responsibility comes right back to us. So we have all that 
pawing and mauling of work to be done over and over again. We find 
that if we do it in the first place the thing is carried all along, the bar 
company knows what we want, the contractor puts it in as we show it, 
and it assists the contractor and it assists our inspectors in the field. I 
think every engineer ought to show those details. 


QUALITY ON THE JOB. 


The average construction man would like to have the American 
Concrete Institute determine the best method to enlighten the con- 
crete foreman, who has in most cases not had the advantages of even 
a high school education, as to the use of water in concrete and also 
the grading of the aggregate. I have had occasion during the past 
year to take a number of our foremen to hear some of the lectures on 
the grading of aggregate and water content, and I am sorry to say 
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that practically all of these lectures were so technical that they were 
far over the head of even the more enlightened listener. I think that 
a real effort should be made to conduct a series of lectwres in the 
different parts of the country explaining in simple language that the 
slump test is simply a means by which one can determine the amount 
of-water that can be used, and also to inform them in simple lan- 
guage of the method of grading the aggregate to take the place of the 
1:2:4 measured by volume which they have used in the past. J 
believe that an expression of opinions as to the best method to obtain 
these results would be well worth while. 


The control of the quality of concrete is our greatest problem. 
Apparently your Committee O-6 intends to cover this subject. How- 
ever valuable their report may be from an engineering point of view, 
it isn’t going to help the job if it is in language that only an engineer 
can understand and appreciate. If you want better concrete on the 
job, get your reports out so a concrete labor foreman can understand 
and follow their recommendations. When the reports for this meeting 
are in, ask yourself the question if this is possible. 


How much of a load can be safely placed on 1:2: concrete three 
days old? 


Sranton WaLKer.—the first two paragraphs of this question can be 
resolved into the following: “What can we say in simple language to 
the man in the field which will make him understand how to control 
the proportions of materials and thus obtain concrete of uniformly satis- 
factory quality, at the greatest economy?” I shall discuss the third para- 
graph under a separate heading. g 

In view of the several somewhat lengthy papers along these lines 
which will be read at later sessions during this Convention, I feel that 
a discussion of this subject this evening is somewhat premature. 

J am further handicapped by not wishing to steal the thunder from 
a paper which Mr. Ahlers and myself have prepared, by discussing in 
too much detail what has been accomplished in job control. However, I 
have one or two thoughts which may be conducive to discussion. 

For a simple statement of the problem of obtaining high quality con- 
crete which everyone can understand, I cannot think of anything more 
terse and to the point than that made at our Convention in Cincinnati last 
year by Mr. MacMillan in which he said, in effect: “Mix the concrete 
with as little water as you can and as much stone as you can, and after 
it is placed keep it as wet as you can.” 

The application of this simple rule solves the problem of securing 
the proper slump and the most economical proportions of fine and coarse 
aggregate on the job. This rule, of course, needs some elaboration. The 
quantity of mixing water is reflected in the plasticity of the concrete and 
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will therefore be fixed by conditions on the job. The maximum proportion 
of stone will also be governed, to a considerable extent, by the nature of 
the work. Also, if the quality of the concrete is to be bettered, the coarse 
aggregate must not be added to replace cement; that is, the quantity of 
cement per cu. yd. of concrete should remain the same. I think it is 
possible that some of our friends have failed to recognize that this simple 
rule is the fundamental of practically everything that has been said and 
written about proportioning concrete during the past few years, and have 
allowed statements of the “why and wherefore” of this rule to cloud the 
main issue. 

It is true that methods of calculating the proportions in advance of 
starting the work, which will fulfill this rule, may be somewhat more 
complicated than can readily be understood by the concrete foreman who 
has little or no schooling. On the other hand, we do not ask the rein- 
forcing steel foreman, or the job superintendent to check our designs of 
reinforced-concrete members, so why should we expect him to check our 
designs of concrete mixtures? 

As many of you know, I have been connected with a series of field 
investigations carried out in the vicinity of New York and Philadelphia 
during the past construction season. It is my conclusion as a result of 
these experiences that the better control of concrete lies not only in the 
education of the man in the field, but in the perfection of means of 
measuring quantities of materials. 

When positive means of measurement are the rule, instead of the 
exception, it will be a comparatively simple matter for the man who is 
not capable of deciding upon the proper proportions to follow the instruc- 
tions of someone who is. 

A vast amount of valuable information on proportioning concrete 
has been distributed during the past few years. An earnest effort is being 
made by the Portland Cement Association, in particular, to give as wide 
distribution as possible to such information. They have recently adopted 
a policy of sending a number of field men from each of their district 
offices to our Laboratory for a short course of instruction in Laboratory 
methods and in the information obtained from our tests. 

Men in the various engineering organizations are making serious 
studies of the problem of applying these results in the field. With all of 
these missionaries working in the cause of good concrete it cannot be 
long until the design of concrete mixtures is given the standing that it 
deserves; that of an engineering problem comparable with the design of 
the structure itself. 

“How much of a load can safely be placed on 1:2:4 concrete 3 days 
old?” Obviously this question is one that does not permit a single answer 
which is applicable to all conditions. I have therefore based my answer 
on standard test specimens, cured and tested in accordance with standard 
methods, with the thought that from a comparison of their strengths at 
different ages, and a knowledge of the efficiency of concrete in structures 
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at the usual ages, reasonably accurate deductions can be made to fit each 
specific case. 

Tests have been made at the Structural Materials Research Labora- 
tory on concrete at ages of 1 day to 5 years for a wide range of mixtures 
and consistencies. These data are too numerous to report in this brief 
discussion. Many of them have been published in the Bulletins of the 
Laboratory and in technical papers prepared by members of the Labora- 
tory staff. 

In general, these tests have been made on 6 by 12-in. concrete cylin- 
ders stored in damp sand or a moist room at a temperature of about 70 
deg. until test, and tested damp. 

A study of the results brings out the interesting fact that the rela- 
tion of the strength of concrete at one age to that at another is dependent 
on the strength of the conerete. This relation enables us to give an 
answer to our question which will apply to all classes of concrete. An 
average of a large number of our test results give the following percen- 
tages for strength at 3 days in terms of that at 28 days. 


Strength of Concrete Strength at 3 days 
at 28 days Per Cent of Strength 
Ib. per sq. in. at 28 days 
1000 20 to 25 
2000 25 to 30 
3000 30 to 35 
4000 35 to 40 
5000 40 to 45 
6000 45 to 50 


1:2:4 concrete of the consistency required for the ordinary building 
construction has a strength of about 2000 lb. per sq. in. when tested in 
6 x 12-in. cylinders and cured in damp sand until test. At 3 days we 
might therefore expect a strength of about 4 to 1/3, or 500 to 600 Ib. 
per sq. in. for normal temperature conditions. 

It is important to know, however, that the early strengths are 
greatly affected by the temperature at which the concrete is cured. 

For an investigation in which conerete specimens in sealed cylinder 
forms were placed in water at various temperatures immediately after they 
were made, it was found that at 3 days the strength of the concrete cured 
at 65 deg. F. was about 5 times that cured in ice-water (33 deg. F.). 
The 28-day results were affected to a much less degree. Following are 
the strengths obtained at 3 and 28 days temperatures ranging from 33 
deg. to 212 deg. F. expressed as percentages of the strengths at 65 deg. 
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Temperature of . Per Cent of Strength of 
Curing Water Concrete Cured at 65 deg. 
Degrees Fahrenheit 3d. Td. 
33 22 72 
42 36 78 
65 100 100 
125 Wi 108 
212 207 102 


The problem of obtaining high early strengths has interested engi- 
neers for a long time past. As a result considerable thought and effort 
have been expended toward developing a means of accelerating the harden- 
ing of portland cement and in the production of special cements which 
will attain their strengths quickly. During the past few years the market 
has been flooded with special compounds, under one name or another, to 
be mixed with portland cement concrete for which the general claim is 
made that the strength of concrete will be increased, particularly at the 
early ages. Probably the best known of the materials is calcium chloride, 
and many of the proprietary compounds consist chiefly of this material. 

An exhaustive study of the effect of calcium chloride has been carried 
out by our laboratory. These tests show that for the ordinary mixtures 
the strength of concrete at 2 days may be increased as much as 50 per cent. 
This beneficial effect is much less evident at the later ages. At 28 days 
the maximum increase in strength was approximately 10 per cent for 
ordinary mixtures, and still less at the later ages. The best results were 
obtained for 2 to 4 per cent of calcium chloride in terms of weight of the 
cement. At the same time a study was made of a number of the pro- 
prietary compounds with calcium chloride base. Jssentially the same 
results were obtained. It is interesting that in general their effectiveness 
could be measured by the quality of calcium chloride which they contained. 

Considerable progress has recently been made in France in the develop- 
ment of high alumina cements which attain practically their maximum 
strength at 3 to 7 days; and this strength is almost double that of port- 
land cement in concrete of similar proportions at 28 days. Col. Spackman, 
I believe, will discuss this material in detail on Thursday morning. 

In Italy a method of making concrete for roads from very dry and 
rich admixtures has been advocated and, I understand, used with consid- 
erable success. The process of manufacturing the concrete is patented, and 
consists of ramming into place a very dry mixture consisting of a special 
cement and 1%4 parts of crushed granite ranging in size from about 1% to 
1% in. As would be expected very high strengths are obtained at the 
early ages. Tests made in our Laboratory using local aggregate and 
cements, mixed according to the formula, gave higher strengths than the 
Italian materials. It should be stated, however, that the Italian cement 
was about 1 year old when the tests were made. It seems that this 
method of making concrete has considerable possibilities in repairing 
pavements, and in certain other special instances. 
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W. P. BrorcuER.—It seems worth while to call attention to the fact 
that on paper it is very easy to demonstrate that weighing your aggre- 
gates ought to give you a good deal more accurate results than any volu- 
metric measurements. The volumetric measurements, of course, are in- 
correct by reason of the bulking effect, particularly in the sand, and we 
have lately found out that they amount to a whole lot, whereas weighing 
will sort of automatically smooth those out, because the effect of the 
weight of the water is reduced to about one or two per cent, whereas the 
effect of the volumetric correction on account of the presence of water is a 
much greater percentage than you get on a basis of weight. 

R. W. Weirz.—We use a piece of equipment for proportioning that I 
think is probably a little bit different than usually seen in this country, 
because we imported it. It consists of two cylinders, it can consist of 
three, one in which we put the cement, one the sand, and one the rock or 
pebbles. The bottom part of the cylinder revolves. There is an opening 
in the bottom plate that lets out the exact amount of sand or gravel or 
cement, in each cylinder they come out simultaneously and fall into a 
continuous mixer, one of these screw type, and the proportion is always 
exact. The mixer, of course, being a continuous mixer, we have to let the 
batch wait in the hopper until the hoist bucket can go to the top of the 
tower and dump and come back and load again. Our water is added by a 
sprinkler. That, of course, can be adjusted so it is also steady, and we 
get an absolute mix all the time. 


FOKMS. 


It would seem to the writer that we will eventually have either to 
standardize our designs toa greater extent than has been done in the 
past to permit the re-use of forms, or work out some method which 
would involve the use of more metal instead of lumber. This ques- 
tion, I believe, is far more important than plant layout, and I think 
it is worth serious consideration by all ‘those interested in reinforced- 
concrete work. 

Can and should the present type of wood forms be improved so as 
to eliminate the necessity of pointing up after the forms have been 
removed? 


lL. H. Ustrron.—The question of forms, from a money standpoint, and 
labor, is the most important on the ordinary concrete job. The question 
here raised is the matter of design, so as to avoid as much of the form- 
work as possible. That can be done very often by sacrificing a small 
amount of steel or concrete. It can also be done where we cannot avoid 
changing the sections by planning the formwork from the beginning of the 
job, making up the sections in such shape that they can be easily altered. 
The difficulty lies not alone in the actual cost of the formwork, but in 
the savings in the amount of lumber used, often in the saving in time on 
the job, because of the fact that when the forms are planned to use over 
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and over again you can maintain a certain speed per floor, with the same 
regular gang, without any interruption. A day lost often means a week, 
particularly if you do not finish a floor on Saturday or on the previous 
day. It also leads to unbalancing of the job in that more floor men have 
to be put on in case of some special formwork or else that the formwork 
drops behind so that you have an excess of laborers on the concrete and 
on the steel. 

The item of pointing referred to in the second paragraph under Forms 
could not be entirely eliminated by any improvement in Forms. There is 
a certain amount of pointing due to improper spading of concrete which 
could not be eliminated at all. 

The question whether wood forms can be improved so as to cut out 
any pointing beyond this depends on the character of building desired. I 
think that with the ordinary formwork where they are cut in fairly good 
shape and where they are well oiled each time before using that a sufli- 
ciently good finish can be gotten for the money actually to be spent. Ii a 
finer finish than this is desired, 1 think it is much cheaper to plaster it 
than to do anything else. : 

C. E. Lockr.—I would like to give one instance of a ten-story building 
where there were four different floor loads required, and in order to design 
that building for the best use of forms the contractor kept the width of 
beams and girders the same from the first floor to the roof. The lower 
fioors had beams and girders of a greater depth. When he came to the 
first floor, which had only about a 150-lb. load, they cut the depth only 
of beams and girders, and took the slab to a floor above, kept the same 
forms exactly, but added 1 in. on the top of the slab and increased the 
steel. Then in the floors above they decreased the steel again to the 150-lb. 
load and in the roof decreased the depth of beams and girders and slabs, 
but not the roof, and changed the steel to suit the roof load, thus elimi- 
nating many changes in forms. 

Mr. Uprson.—I wondered if anyone here has been using the beveled 
edge forms. I have seen that used from time to time. I wonder what 
the experience is. 

A. W. RansoMe.—We always used it, for a great many years. The 
matched boards were cut back on a 10-deg. bevel on both edges. That 
brought the points together and we have no trouble with the material get- 
ting into the joints. The swelling of the lumber closed them up. 

Mr. Urson.—Is there anything more on this? 

Mr. Ransome.—One other point that I might bring out in that method 
of construction. lt is very much easier to put up your temporary shores 
when you are planning on removing the main shoring under your floor 
slab. You can put a few shores directly on one row of 2x6 of the B. & M. 
material that you are using for the shoring, and if you drive that up rea- 
sonably tight, that will keep the one row of 2x6 up, and the rest of the 
sheathing and construction you can drop very easily. 
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J. A. Garrop.—It would not seem to us that designs for reinforced 
industrial concrete buildings can be standardized at this time so as to 
allow of the re-use of forms from job to job. The variety and diversity of 
requirements in these buildings seem to preclude any considerable stand- 
ardization. The mill or factory operator looks upon a building as a 
tool that should absolutely suit his requirements—not a tool that may 
be partly right and which will tend to increase the cost of the work 
produced in it during its entire life. The standardization should be 
carried to the limit in the various units and floors of any project under 
consideration. It is usually economical we believe to use up the forms 
on the job where they are made. 

Our experience shows that an inclined slab can be satisfactorily con- 
creted with an angle of 30 deg. to the horizontal by making a stiff mix 
and carefully placing without any forms on the top surface. At a 
greater angle to the horizontal up to at least 45 deg. it is satisfactory to 
apply light boards with comparatively few braces and liners to the upper 
side of the inclined slab as the concrete is~placed. 

At angles of 60 deg. with horizontal and greater angles it has proved 
in our experience to be most practical to form both sides of the concrete 
slab in the same way that a plumb wall is formed and braced. 

Our usual methods of operating is on the American or open shop 
principle. Working under this principle we have found it helpful and 
productive of good results to offer extra pay for extra effort on the part 
of the workmen. The man is assured of his regular hourly pay as 
remuneration and some definite and understandable scheme is set up which 
can be readily applied to the work in hand, by which he is enabled to 
make 20 per cent to 30 per cent more money in the same time in payment 
for extra effort put forth. | 

We understand from union operators and from by-laws and working 
agreements of unions which we have examined that the unions and union- 
ized labor does not favor and will not permit its members to work on any 
bonus system which involves measuring work and paying for extra efforts 
put forth for extra remuneration, 

We believe that forms as at present constructed are made so tight 
and regular that by chipping off fins and irregularities, going over the 
piece of concrete immediately affected with suitable air-chipping hammers, 
there will be no necessity for pointing, providing the architect or owner 
is willing to accept this kind of finish rather than the pointing patches. 
The tooled surfaces have a different texture to the work applied with a 
trowel, but after painting, as is usually done on the interior of the build- 
ing, they do not present difference and have the decided advantage that 
they will never peel or become loose as patches are very apt to do. 

Such treatment can also be used on exterior walls where it is not 
objected to, but the usual method as recommended by the Committee on 
Treatment of Concrete Surfaces applied to the exterior of the building 
gives a good general effect for the exterior treatment of buildings. 
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Froor FINISH. 


Assuming that only good ingredients be used for fimish, what pro- 
cedure in the placing of 1-in. finished floors afterward on the rough 
concrete slab will imswre finished floors which will not crack and 
loosen from the rough slab? To what extent does the proportion of 
the mia for finish affect the loosening up of the finish from the rough 
slab due to difference in cofficients of expansion in the rough concrete 
slab and in the finish slab? 

Has anyone ever laid a concrete floor satisfactorily without pour- 
ing it monolithic? 


Assuming that only good ingredients be used in miwing finish, is 
it possible so to formulate the method and practice in placing mono- 
lithic finished floors that the construction superintendent can in all 
cases be absolutely sure that the result will be a first-class durable 
floor? The solution of this problem should take into account the fol- 
lowing varying conditions: 


a. Varying weather conditions. 


b. The need of putting in large areas of finished floor in a single 
day. 


ce. The factor of speed in construction which makes it necessary 
that workmen get on the finished floor within two days after 
furish is placed to erect forms for the next story. 


d. Placing finish in winter when it is necessary that heat be ap- 
plied to the slab both bottom and top. How can dusting of 
the floor or a soft finished surface due to the action of the 
heat and the gases from open fires be avoided? 


Is there a cheap dust that can be put on top of fmished slabs so 
that the droppings from the slabs or pour above will not adhere to 
finished slabs underneath, as I have found sawdust, mill shavings or 
sand do not properly take care of these droppings? 

Why do not engineers and architects more generally advocate the 
placing of a 1-in. floor finish at a later date, rather than monolithic 
with the structural concrete? 


E. D. Boyer.—I would like to hear someone answer this question: 
Has anyone ever laid a concrete floor satisfactorily without pouring it 
monolithically ? 

L. F. Farrcuinp.—The Eastman Kodak Co. has about half a million 
- square feet of floor space not laid monolithically, and it is very satisfac- 
tory. Our specifications state that a floor finish laid on the ground floor 
slab may be laid monolithically, but in all other cases it must not be laid 


monolithically. 
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Mr. Urson.—How is it done? 

Mr. Farrcuitp.—Laid after the structural slab has hardened. 

Mr. Boyer.—How is the surface finished? 

Mr. Farrcuiip.—The structural slab is roughened, that is, the struc- 
tural slab is designed to carry the load independent of the finish, and is 
roughened at the time or is picked afterwards. 

Mr. Upson.—Then how thick is the finish? , 

Mr. FArRCHILD.—One inch. 

Mr. Urson.—How-do you- proportion it? 

Mr. Fatrcnip.—It is a 1:3, I think. 

Mr. Upson.—Do you use any hardener in it? 

Mr. Farrcnitp.—It is a patent finish in a good many cases. 

Mr. Upson.—How soon after the first part of the floor is laid is 
the top finish applied, and what is the preparation of it before the top 
finish was applied? 

Mr. Iaircuitp.—The structural slab_is roughened at the time that it 
is poured, and if it is not sufficiently rough at the time they wish to 
apply the finish, why it is picked in order to roughen it. 

Mr. Upson.—Then you must use a patented floor, do you? 

Mr. Farrcuitp.—We have had better experience with the patented 
floors than we have with the floors that we have put down ourselves, 
although a great deal of the slab has been placed by ourselves and has 
shown fair wearing conditions, wearing surfaces, but in recent years we 
have been using the patented slab, patented finish, I would say. 

Mr. Upson.—Do you use heavy trucks on that floor? 

Mr. Farrcuitp.—No, I wouldn’t say heavy trucks, although there is a 
great deal of trucking, trucking a weight of probably 500 to 600 1b. 

Mr. Upson.—Rubber-tired vehicles? 

Mr. Farrcuip.—No, sir; some rubber-tired and some metal-tired. 

Mr. Upson.—I would like to ask, Mr. Turner, what your experience 
is in that. 

J. A. TuRNER.—We lay floors both ways, monolithic and lay them 
afterwards with the l-in. finish. Most of the work in the past I believe 
has been done more with the monolithic finish than with the finish laid 
afterwards, particularly because of the fact that you get a perfect bond 
and you don’t have to worry about the slab coming loose; you do get 
the floors scarred sometimes quite a little by it, but if the surface is 
good, a few scratches that the floor gets when it is green hasn’t particularly 
hurt it except for looks. But recently we have found that by exercising 
proper care we can put a l-in. finish on later which bonds properly, it 
doesn’t come loose, and gives equally good service, without the marked 
effect from the scratches and scars. Of course that is much better, too, 
when the cold weather comes on, because you can lay your finish then 
after the building is closed, so we have had equally good- success both 
ways. 

Mr. Upson.—What mix do you use for that? 
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Mr. Turner.—We have been using recently a mixture of about 1 
cement to % sand, to about 114 in. of clean grit. 

Mr. Urson.—About 1:2? 

Mr. Turner.—Yes, about 1:2, with more of the grit than sand. 

Mr. Upson.—Wiat provision do you make for expansion on that? 
The same provision as you made in the building structure? 

Mr. TurNner.—We don’t make any provision, except where we put 
the finish down afterwards, we attempt to make the joint over the con- 
struction going below. . 

S. C. Hotrisrer.—It seems fitting to give some definite rules for the 
bonding of a 1-in. finish to the floor beneath. 

In the first place, the conerete slab underneath shall be rough, should 
be clean of all dirt or dust or any loose particles of any kind, or chips 
or shavings or sawdust or any other material of that nature. It should 
be free from laitance, that is, the white, chalky substance that comes to 
the surface of the floor slab when a considerable amount of water, par- 
ticularly, is used in pouring the floor. When the floor is properly cleaned 
. and presents a rough surface, the next thing to do is to see that floor has 
taken up all the water it will take up. That is done by the sprinkling of 
the floor at intervals until the floor has apparently absorbed all the water 
it can, until it is saturated. That will take 24 to 36 hours of treatment 
of that kind. Then when you put down the top it is not necessary, 
although some seem to think it is, it is not necessary to put down dry 
cement on that surface—better not, better to put down the topping, the 
mix that Mr. Turner suggested is excellent, in general a one-to-two mix, 
one of cement and two of aggregate, and the aggregate may be divided up 
into two different classes, as Mr. Turner recommended. That should be 
troweled on carefully, and with whatever smooth finish is desired to finish 
it off. A floor of that kind, put down in that way, will develop a satis- 
factory bond. 

Care should be taken that at the time of placing the topping there is 
no excess water standing on the slab. Any excess water will cause trouble 
at that point. 

TIME OF MIXING. 


The question is as follows: “I would like to know what strength 
is added to concrete by mixing the batch 14% to 2 minutes as against 
1-minute mixing, using a concrete mixer 16 to 20 r. p. m.” 


D. A. AprAmMS.—The Structural Materials Research Laboratory, Lewis 
Institute, Chicago, carried out a series of tests a few years ago which 
furnish the answer to this question. The writer presented a report on 
these tests at the 1918 Convention of the Institute under the title, “Effect 
of Time of Mixing on the Strength of Concrete.” A double-cone batch 
mixer of 314 cubic feet capacity was used, with mixing times ranging from 
15 seconds to 10 minutes, A 
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If we plat the strength of concrete as ordinates and the time of 
mixing as abscissae, we secure a series of curves which may be repre- 
sented by the equation— 

S=k+nlogt 
Where S = comprehensive strength of the concrete. 
t= time of mixing (seconds). 
k and ” are constants whose values depend on the mix, con- 
sistency, age of concrete, and other conditions of tests. 


For compression tests of 1:4 concrete, in the form of 6x 12 in. eylin- 
ders, relative consistency 1.10, using pebble aggregates graded 0-14% in., 
and tested at 28 days, k = 900 pounds per sq. in. and » = 750. 

Under the conditions of these tests we obtained from the above equa- 
tion the following strengths for concrete mixed %, 1, 1%, 2, and 4 


minutes: 


Time of Mixing Compressive Strength of Concrete 
Min. See. at 28 days—lb. per sq. in. 

Vy, 30 (900 + 750 1.477) = 2000 
1 60 (900 + 750 X 1.778) = 2230 
1% 90 (900 + 750 * 1.954) = 2360 
2 120 (900 + 750 & 2.079) = 2460 
4 240 (900 + 750 2.380) = 


7 

Other conditions being equal, mixing for 1% min. gave an increase 
in strength of 130 lb. per sq. in. over the l-minute mixing; or an increase 
of about 6 per cent. Mixing for 2 min. gave an increase of 236 lb. per 


sq. in. over the 1 min. mixing; or an increase of 10 per cent. Results of 


a similar type were found in tests on other ages, mixes, ete. 

For usual mixtures, consistencies, et¢., doubling the time of mixing 
increases the compressive strength of concrete about 10 per cent, regard- 
less of the mixing time considered. This makes it doubtful whether we are 
justified in requiring more than 1 min. mixing (after all materials are 
in the mixer) on work in which the output of the mixer dictates the 
quantity of concrete placed. 

The effect of time of mixing was not uniform over a wide range of 
proportions. It was more effective for the lean mixes than for the richer; 
more effective for the dryer mixes than for wet; more effective for the 
small sizes of aggregate than for usual concrete size. The increase in 


compressive strength of concrete at 28 days due to doubling the time of 
mixing showed the following ranges: 
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(1) 14 per cent for 1:9 mix to 8 per cent for 1:2 mix; 
(2) 15 per cent for relative consistency 0.90. (1:4 mix) to 5 per cent 
(3) 30 per cent for aggregate 0-14 sieve (1: 4 mix) to 8 per cent for 
for r. ce. 2.00; 
0.2 in. 


J. A. TuRNER.—Have you any data on a less time of mixing? 

Mr. ABRAMS.—These tests were turned out for mixing times ranging 
from 15 sec. up to 10 min., so we have complete data throughout that 
range. The same relation holds throughout. If you should mix your 
concrete 30 sec. as compared with 15, you will get 10 per cent increase 
over 15 sec. mixing. It is not practical to attempt to mix concrete less 
than 15 sec., because the time required to get the batch out of the mixer 
was a large proportion of the total time. 


Propucts PLANT PROBLEMS. 


DISCUSSION OF PRopUCTS PLANT MANUFACTURING PROBLEMS BY AND FOR 
CoNCRETE PRopUCTS MANUFACTURERS. 


A. J. R. Curtis IN THE CHaIR. 


Mr. Curris.—The concrete products industry is going through a 
transition from old and slip-shod methods to new and scientific methods of 
manufacture. Small scale manufacturing operations of yesterday are giv- 
ing way to larger scale operations to meet the tremendous demands of the 
present and of tomorrow. The crudities which marked earlier experience 
with concrete products are changing to beautiful and refined expressions 
in a way almost as miraculous as that by which the ugly worm becomes 
a beautiful butterfly. : 

This session is called particularly for the discussion of problems of 
manufacturing economy. The strictest economy in manufacturing proc- 
esses is an absolute essential at the present time. No manufacturer is safe 
for a day or even an hour who is not practicing the greatest economy in 
the manufacture of his products. Present day competitive conditions de- 
mand that we give this phase of our work more thought than ever before, 
nor are we sure that competitive conditions in the future will not be much 
more strenuous than they have been up to this time. It is the belief of 
many that we are just on the edge of competition now. We have dabbled 
in the game enough to really attract the attention of our competitors, and 
from now on it behooves us to study well manufacturing efficiency. 


At this point J. W. Lowell, chairman Committee P-6, on Concrete 
Products Plant Operation, presented the report on Economical Manu- 
facturing Processes printed on p. 633 of this volume. 


EK. W. Direnuart.—We are fortunate today in having methods avail- 
able whereby we can quite definitely measure the efficiency of an aggregate 
as regards its concrete-making properties, particularly with regard to its 
properties for making high strength concrete. The committee’s report 
showed that the fineness modulus of an aggregate—fineness modulus simply 
means the measure of the fineness of the aggregate—can be determined by 
screening material through a given set of sieves. 


Fig. 3 of the committee’s report gives the results of a comprehensive ~ 


series of tests made on concrete brick. It will be noted that the grading 
of the aggregate had a marked influence on the strength of the brick for a 
given amount of cement used. Within the limits of these tests the strength 
increased materially with each increase in fineness modulus. 

In concrete products manufacture we are working with a very small 
range of grading of aggregates. We are limited in the maximum size of 
the aggregate by the thickness of the thinnest section of the product which 
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we are making, and for concrete products three-quarters of an inch as a 
general thing is about the greatest maximum size of particle which we 
can use. Accordingly, we must work with comparatively low values of 
fineness moduli. For instance, our maximum fineness modulus in this 
series was 4.75. This was an aggregate so coarse that it produced a very 
rough looking product, a product which would hardly be salable except for 
special cases. Were we to use larger sized aggregate, say up to inch and 
a half, which is commonly used in building roads and bridges of reinforced- 
concrete, we could have used much higher values of fineness moduli, using 
up to 6.00 and 7.00. The high value used in making these brick is about 
the lowest usually considered in a discussion of this same subject applied 
to the other types of construction. While the limits of concrete products 
manufacture prohibit the use of those higher values of fineness modulus 
there are many producers who are working considerably below the possible 
limits, for instance, many manufacturers of concrete building tile, block 
and brick use straight sand for aggregate. Those manufacturers are not 
obtaining 50% of the maximum strength of concrete that could be ob- 
tained by adding coarse aggregate to the mix. This is indicated by the 
curves. 

A MemBer.—Suppose that the coarse aggregate costs them more than 
they saved? 

Mr. Dienuart.—Naturally if the coarse aggregate is very expensive 
it might not be advisable to use it in place of the additional amount of 
cement required to get the strength necessary, but the use of these data 
will give you the information that you need to determine which is most 
economical. It will be readily seen that, for instance, in making concrete 
brick, meeting the standard requirements of the American Concrete Insti- 
tute, 1500 lb. per sq. in., that a brick of that quality could be made with 
a 1:5 mix, using aggregate graded 2.75 fineness modulus. If you can use 
a coarser graded aggregate, say 4.25 fineness modulus, you can use a 1:9 
mix. It would be quite an expensive coarse aggregate which would offset 
that saving in cement. 

E. W. Hirxer.—Is it ever justifiable for a manufacturer to decrease 
the quality of his product? 

Mr. Diznuart.—That depends on whether the manufacturer is making 
a product that is too good or not good enough to meet certain definite 
conditions. These conditions determine what the standard product should 
be. When the standard is set, there is no economy or justification in 
making a product that far exceeds the standard. There is nothing in the 
products business that will justify the reduction of a standard quality. 

Puitie Weiss.—I would like to ask if anybody has had any experi- 
ence with the use of hydrated lime? 

Joun W. Lowert.—Any material that is finely powdered and in 
active, added to an aggregate that already has enough of fine material, is 
going to decrease the strength, because it will increase the amount of ma- 
terial passing through the 100 mesh sieve. If the aggregate recommended 
in this specification containing not more than 10% through the 100 mesh 
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is used, you will not need to use any other material, whereas, if you have 
an aggregate that has not enough of finely powdered material you may 
aid it by adding stone dust, or any other finely divided inorganic material. 

W. H. Carry.—Personally I do not believe it is necessary to use ad- 
mixtures if you have a well-graded aggregate. To meet the objection of 
the gentleman who questioned the lowering of the quality, I think he was 
under a misapprehension. There was no idea, I am sure, on the part of 
Mr. Lowell or Mr. Dienhart, to suggest the lowering of the quality; it was 
simply a more economical way of maintaining or increasing the quality. 
It is a scientific proposition. By the way, gentlemen, I wonder how many 
of you realize that it is only recently, within five years, that the concrete 
industry has had the advantage of scientific research, since Prof. Abrams’ 
first report was made in 1919? That is the first real help that we have 
had in the concrete industry to guide us in the manufacture of concrete 
products. There is no excuse now for any manufacturer to go it blindly; 
the full information is accessible free of cost, through the work, the com- 
bined efforts of the Portland Cement Association, which is putting up the 
financial end of it, and the Lewis Institute, under Prof. Abrams and the 
Research Laboratory, which is conducting the actual research work, to 
determine just exactly what will bring a good quality of concrete in the 
most economical way. Any man in this industry can have all of that in- 
formation. It is free. All you have to do is to write to your nearest 
Portland Cement office, for instance, or to the home office at Chicago and 
they will gladly furnish it. The thing, as Mr. Lowell said, is that we who 
are engaged in this industry must know what we are doing, must know 
how to make products economically, how to take advantage of every 
feature, not be subject to an excessive cost and subject to guess work. We 
should know what we are doing, and there is no excuse for a man in the 
business now not knowing what he is doing. 

A. J. R. Curris.—It seems to me that Mr. Carey has hit the nail on 
the head as to what this report really means. Today we are having very 
definitely specified for us the strengths which our units must sustain; the 
strength is given as 700 lb. We know that is the strength we ought to 
meet; it is absurd for us to have our units go to 3000 lb., if the strength 
required is 700 lb. We would not build a steel bridge to stand a load of 
3000 lb. if the load required by the specifications was 700 lb. The whole 
substance of this report is finding a gradation of aggregate which will be 
the most economical that we can use for the purpose in view; and having 
found it, then the required strength is obtained by using a definite propor- 
tion of cement. 

H. A. Davis.—The general principles set forth by this report are ex- 
ceedingly valuable, if they are followed with judgment. It is important 
that the products manufacturer study the report carefully, so that the 
principles will be applied intelligently. For example, in the laying of 
concrete brick suction is necessary. This, therefore, controls the extent to 
which grading of aggregates in making brick may be applied. 

Mr. Hirkrr.—TI would like to ask Mr. Lowell a question on the wet 
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and dry mix. In your judgment, would you obtain a better result by three 
minutes absolutely dry and one minute wet, as against one minute dry 
and three minutes wet? 

Mr. LoweLi.—Mr. Hilker has brought up an interesting point on 
which there is very little authoritative data. The committee, however, 
hopes to make tests the coming year on this problem. In the meantime 
it has recommended that the concrete be mixed two minutes after all 
materials and the water are in the mixer. It would be desirable to allow 
a total of five minutes per batch in figuring the output per day. 

Mr. HitKrer.—We have conducted quite a few tests in our plant, mix- 
ing it perfectly dry one minute and then putting the moisture in, getting 
the water mark and flakey substance out and mixing it wet for three 
minutes; then we have mixed it dry two minutes and wet one minute, 
etc., and at each mixing we would discharge the mixer, two or three turns 
of the paddle. The three minutes dry and one minute wet, the maximum 
compressive strength in 28 days was 1055 lb. to the square inch as against 
the one minute dry and three minutes wet, 540 lb. 

M. W. Lovine.—It is the practice in a number of the most modern plants 
to dry mix the material for three minutes, and then after they introduce 
water in it, to mix it an additional three minutes. By providing sufficient 
mixing equipment they have been able to improve and get a very uniform 
high-grade concrete by that method. When I speak of high-grade concrete 
in machine-made sewer or culvert pipe, that means 6000 lb. compressive 
strength to the square inch; so that the method of mixing dry to get the 
materials thoroughly mixed and then mixing for two or three minutes 
after the water has been introduced certainly gives an excellent and uni- 
form high grade of concrete, and that is what the modern plants are 
doing today. 

Mr. Hirxer.—Do you put any lime or other foreign substance in with 
your cement? 

Mr. Loyine.—The only place I have seen that done was in California 
in San Joaquin Valley in an irrigation pipe plant. This manufacturer 
uses pulverized limestone, claiming to get workability, and he claims to 
get stronger and more dense concrete by the process. There are at least 
a dozen other manufacturers producing pipe of the same quality who are 
getting this same grade with either granite dust or portland cement. It 
is just a question of grading your aggregate, as shown by the committee’s 
report. 

Mr. Hirxer.—Limestone and granite would be the same as aggregates, 
but in hydrated lime you are getting into a foreign material. 

M. W. Lovinc.—Where hydrated lime is used, it is to increase the 
workability. Some of the plants may be using it to some minor extent for 
that purpose. 

Jacop Boscu.—Although digressing somewhat from the report lL 
should like to seek information regarding attractive facings for concrete 
units. Architects with whom I come in contact seem to think that we 
should manufacture block whieh lay up to make inexpensive attractive 
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walls, comparable in cost with concrete block stuccoed. We have down 
face machines in our plant and frankly we have not been able to produce 
what the architects want. Perhaps some discussion of this problem may 
develop information of value or interest in future investigation. 

Mr. Loweti.—At the recent meeting of the Wisconsin Concrete Prod- 
ucts Association at Milwaukee an architect representing the Architects 
Small House Service Bureau urged the concrete products manufacturers 
to develop inexpensive attractive block facings. He was quite interested 
and had been working with some manufacturer in producing such a face, 
not to resemble natural stone, but to have a pleasing surface worked out 
by texture treatment and shade coloring. A house was to be built with 
these new block. Attractive clay brick wall surfaces are produced through 
study and investigation by the clay brick. manufacturers individually as 
well as through their associations. Generally speaking, I believe it is true 
that very little of this kind of study has been made by the concrete block 
industry. We collectively and as individual manufacturers should encour- 
age architects to co-operate with us in solving this problem. 

A Memeber.—In answer to the question of Mr. Bosch: There is a 
manufacturer in Peoria making satisfactory faced block on a down face 
machine. Here is exactly the way he does it: he takes one part of cement 
to three parts of No. 34% Crown Point spar and mixes it quite well for 
a facing material, putting that in first and tamping the backing in; he 
tamps a little more on the face block, than the ordinary block. As soon 
as it is taken out of the machine, he takes a fine spray and sprays over 


that. The number 3% spar is so coarse that when the water washes the. 


cement down, it does not leave the face streaked and the water soaks into 
the face. Those block come out absolutely straight edged and square cor- 
nered. Ordinarily we find it impossible to spray a block laid with the 
face on the side, because it will run, but if you are using a number 314 
spar there is no fine material and all you are doing is washing the cement 
back into the block, and you have an absolutely dense surface, but no run 
on the face of the block. The facing is about three-eighths of an inch in 
depth. 

R. F. Haviix.—It is a good many years since I made any block face 
down. I am making them by another process at the present time, but I 
have always contended that you could make good block with any machine 
if you put the right kind of effort into it. 

A. J. R. Curtis.—I de not know how much crazing affects most of 
you. If any of you make architectural stone, you will run into it more 
or less. I have faith that we will find all the elements we will have to 
find to entirely eliminate crazing, because we do so frequently find ex- 
amples of concrete that are not crazed. There are many methods to con- 
trol crazing proposed by different people, and each one thinks he has the 
problem whipped, but when applied to someone else’s practice, the same 
treatments do not always work, and so it has been an elusive thing. I 
would like Mr, Havlik to open the discussion on this subject. Mr. Havlik 
read a fine paper on this subject last year, and there are many here now 
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who did not hear what he had to say and do not know the method he 
used to overcome crazing. 

Mr. Haviix.—We have succeeded to a certain extent with certain 
textures. To make this clear, I will state just what aggregate we use. 
We face all our preducts with crushed granite and white portland cement. 
We use equal parts of 3, 3% and 4 spar. The block are made usually 
face up, but the same thing would hold true if they are made face down. 
I do not know that the method has anything particular to do with the 
results. We also make trim stone by tamping processes and wash all our 
products with acid or dip the cast stone in acid. That, I think, would 
answer Mr. Bosch’s question as to how to get a desirable surface and get 
stone with sharp edges. He tells me he has had difficulty in making the 
corners stand up. Let the products get hard, hard enough to handle sat- 
isfactorily by whatever method you wish to use for surfacing. I know 
if you let them get real hard and dip them in acid, you will get results. 
Some of you may say that is too costly, but it is not. We are doing a 
$35,000 job at the present time in concrete stone, which we figure to make 
by the tamped method. We found that much of it had to be cast, so the 
result is that probably over two-thirds of it is being cast wet, the balance 
tamped. We take both kinds of stone and wash it in acid, in the case of 
the tamped stone, and dip it in the case of the poured stone; and we have 
discovered that our cost is less than we based our estimate on when we 
bid on the job. I am a firm believer in eliminating all fine aggregates 
from facings. I will not go into the technical side of this; I probably do 
not know enough about it, that is my principal reason, but we have found 
out by a process of elimination, that certain sizes of aggregates do enable 
us to get stone that does not check. By the way, on this $35,000 job we 
are under bonds for two years to replace any of the stone that checks, and 
T assure you gentlemen that I would not furnish that bond unless I was 
positive that I knew what I was about in making that stone with that 
particular material. I think the same results can be obtained with other 
aggregates, providing you eliminate the very fine. Now, to emphasize that 
point. There are some cities in the East where two or three concerns are 
making beautiful high-grade concrete stone and they make it by the poured 
process and they machine tool it, but now and then you will find a piece 
checked, and I believe the difficulty is due to the thing I mentioned a while 
ago, that they use too much of that fine material. I always examine con- 
crete stone to find the checks, because those are the things the architect 
objects to and you would object to if you specify that material for a job, 
and the architect is putting his reputation on your product when he recom- 
mends it for a building. Architects would use considerably more cast 
stone, if they were assured it would not check. The manufacturer who 
will guarantee his product with a bond will be favored. 

T forgot to mention the cement content in our facing. Aside from the 
aggregate used in facing I find that we must use as little cement as pos- 
sible. I do not mean 1:10 or something like that, but not 1:2. Formerly 
we used a 1:2 mixture, and occasionally both the cast stone and tamped 
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stone would check, but now we use a 1:3 mixture. That is rather lean for 
a facing, as, most of the products manufacturers here will realize, but that 
gives us watertight concrete. We also manufacture garden furniture and 
it holds water, yet we use no waterproofing whatever. 

A. J. R. Curtis.—A subject which several people have asked about 
of late is, what causes efflorescence on block and other products, and how 
can it be prevented or removed? That is a subject on which there ought 
to be some discussion. 

G. W. Porter.—We had a little experience with that this past year. 
In Milwaukee there is a firm making a large quantity of concrete brick. 
They had noticed that efflorescence at times appeared on their brick. 
Barium carbonate was suggested as a preventive for the efflorescence. 
From 1 to 4 per cent. by weight of the cement was used. About 30 brick 
of each type and color, using the same grade of coloring material that had 
been used were made. About the time the tests were started the plant 
began using a better sand. This sand was also used in making the test 
brick, All of these brick were placed outside, some laid up in lime mortar 
and the rest without mortar. They have been examined frequently for 
the past six months. As yet, no efflorescence has appeared. I think, 
however, that this is due in large part to the better grade of sand that 
was used. 

Mr. Dienyarr.—With regard to barium carbonate, we have looked 
into that problem in some detail, and while it may be true that in clay 
products barium carbonate will retard efflorescence, the chemical action 
that takes place when the clay products are burned is given as the 
principal reason for preventing efflorescence. Now our chemists say that 
the process or the chemical action of barium carbonate on cement is not 
at all similar and can hardly be expected to give those results. I just 
bring that out as a point of information on the subject. 

A. J. R. Curris—The next subject pertains to the application of 
stucco to concrete block surfaces, which to me is one of the most important 
subjects that has come up. 

F. E. GArDNER.—In view of the fact that the Institute specifications 
on stucco covers the application of stucco thoroughly, I do not think it 
necessary to discuss application itself. I feel, however, that emphasis 
should be placed on the various stucco finishes that have been developed. 
Architects are studying the possibilities of unusual stucco finishes and very 
attractive results have been obtained. It would be difficult to describe all 
of these finishes, but as they are clearly shown in the Portland Cement 
Association’s new booklet on stucco, I would recommend a careful study of 
the booklet, particularly as it is a reprint of the Institute specifications 
on stucco. 

Mr. Curtis.—I would like to hear a few words from Mr. Lockhart. 
He had charge of the construction of the Home Sweet Home house at 
Washington, which was built in six days. 

W. F. Locxuarpt.—I think in general our best stucco jobs are those 
that follow most nearly American Concrete Institute recommended prac- 
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tice, which is based on a long series of tests covering a period of eight or 
ten years at the Bureau of Standards in Washington. The problem is one 
which seems comparatively simple. It comes down to two known facts: 
first, that rich mixes shrink more than lean mixes, and that wet mixes 
shrink more than dry mixes. The American Concrete Institute recom- 
mended practice is, of course, the usual 1:3 mix; the question of wetness 
is a harder matter to control. The mechanic naturally wants the stucco 
fairly wet. A method has been worked out for controlling that wetness for 
which concrete block or concrete building units are particularly adaptable. 
It is necessary, of course, to moisten the wall first, and it is in that point 
‘of moistening the wall that we have a chance to control the water content 
of our stucco. The wall is wetted sufficiently far ahead of the applica- 
tion of the stucco that the block are in a moist condition, but there is no 
film of water in the pores at the surface of the block. The result is that 
when the stucco is applied, there is sufficient suction to draw out some 
of the water in the first coat. That cuts down the water cement ratio in 
the stucco and takes out the excess water that the plasterer wants for a 
workable mix. He can get a satisfactory workability with less water by 
mixing and remixing his material. 

On the Home Sweet Home house, we took particular pains to see that 
the house was wetted down daily with a hose during the curing period. 
I feel that this accounts for the excellent results. Architects accept the 
fact that concrete building units make the best possible base for stucco. 
If the suction in the under coat is properly controlled and each coat in 
turn kept moist and allowed to cure properly, you will get what amounts 
to a good job of concrete, which is what you are after. On your finish 
coat the use of the rough textures that the architects are after now and 
which are in particular vogue in the east, requires considerable less fussing 
over the surface than the older float finish coat, and I believe for that 
reason they are conducive to a good job. 

Those things are only to some extent explanations of the standard 
requirements of the American Concrete Institute on stucco. They are 
being followed very largely. We are distributing the American Concrete 
Institute recommended practice to our block manufacturers and to every 
owner and builder who has anything to do with concrete masonry con- 
struction, in so far as it is possible for us to reach him. As a result, 
we are getting a large number of stucco on concrete block houses in the 
east. One other reason which I think has some bearing on previous dis- 
cussions this evening is the fact that it is offering a more economical type 
of construction. The architects are taking it for a more economical type 
of construction and are getting that economy. We are getting it there 
simply because the manufacturers in our district are concerning them- 
selves with turning out in large quantities a plain straightaway utilitarian 
unit, a large size brother of your every-day common mud brick. It is used 
for the same purposes for which common brick would be used. Architects 
and builders are learning that fact and they are using concrete block and 
finishing with brick veneer or portland cement stucco. 
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We have cases of the light weight hollow tile being used to the ex- 
tent of six or seven hundred per man per day. I have talked to men who 
were laying better than 450 and 500 per day. On a production of that 
kind we can often show an architect that it is cheaper to build with an 
8 in. concrete building unit and a 4 in. brick veneer than to build with 
4 in. of lace brick and 4 in. of back up common brick. The extra 4 in. 
in the wall does not hurt an architect’s feelings. There is one point more 
in my mind that has nothing to do with the subject I am supposed to talk 
on, but I want to throw out the general question as to why, when you get 
efflorescence on some of your natural stones and almost invariably on clay 
brick, why is it more objectionable in a concrete building unit? I have 
been asked that question a number of times, and I have found so many 
cases of efflorescence on other materials that 1 am generally willing to 
take a chance of walking a man to the nearest window where I can_ find 
half a dozen buildings of other materials within view where I can point 
out the efflorescence either on the natural stone or clay brick and can put 
the question right back to the man who asked it, and generally it has the 
desired effect. That is a thought worth carrying out, and it is sometimes 
very effective. 

A collateral case is that, not of craze-cracking, but of the actual crack- 
ing in concrete building units. Very frequently buildings built with con- 
crete building units are built on insufficient foundations and a settlement 
develops with consequent cracks. I suppose about once a week, on an 
average, I run up against some architect who throws that back at me. 
My answer is to go down and look at the Biltmore Hotel, one of the finest 
buildings in the world, or the Woolworth building, one of the best known 
buildings in the world—the three-story granite piers around the base are 
every one of them cracked from the sidewall line to the brick course, and 
all three faces of the Biltmore Hotel are cracked right straight through; 
one is granite and one is limestone, There are cast stone jobs in New 
York, which are not all they should be, but there are plenty of other ma- 
terials, not concrete, which have developed defects. I sometimes think that 
we make a mistake in expecting concrete to be an absolutely perfect ma- 
terial. It will do a lot of things that no other material will do, but it 
it not altogether immune from the action of the laws of physics; it will 
expand with heat and contract with cold, and if it is not properly handled 
it will show the effects of those changes. 

Instead of apologizing when somebody tells us that so and so’s job 
has developed a slight defect, I think it is perfectly legitimate to come 
back at them and say that there are a dozen other jobs of other materials 
that have also developed the same defects; that we know and admit that 
concrete is not an absolutely perfect building material, but properly used, 
it will do anything that any other material will do, and frequently a lot 
of things that other materials will not do, and the 2500 houses built last 
year of concrete block is evidence that the architects, builders and home 
owners are beginning to adopt it in the east as a standard commercial 
structural unit. It is past the experimental stage and is standing on its 
own feet and is being given full acceptance in all quarters. 
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Rerort oF Commirree C-6, on Frerp Mernops. 
SUGGESTIONS FOR THE PRODUCTION OF BETTER CONCRETE. 


The subject of better concrete is one of vital importance to the in- 
dustry and which requires the co-operation of the scientists and those 
engaged in the art of concrete making to bring about its realization. 

Better concrete needs to be defined, for it is still generally thought, 
erroneously, that better concrete is synonymous with increased cost of 
production. The deficiency of concrete is the extreme variation of its 
quality and not a consistent inferiority: the potential qualities are not, 
therefore, fully available. 

Better concrete can be defined as a concrete, the properties of which 
are so nearly constant that they can be fully taken advantage of in design. 

It is self-evident that, if concrete of predetermined and constant qual- 
ity is to obtain, the characteristics of the material must govern in the 
determination of proportions, and methods must be used to insure con- 
stancy of operation throughout the making of concrete. 

The production of constant concrete is then based on the following: 


(1) A complete knowledge of the concrete making qualities of the 
available materials. 


(2) The application of the scientific principles governing concrete to 
the determination of the proper combination of the available mate- 
rials to result in a concrete of the desired quality. 

(3) Methods of handling the materials which will maintain the estab- 
lished proportions and insure homogeneity of the concrete to 
the place of depositing. 


It will be of interest to demonstrate: 
(1) How far short the present specifications and methods of making 
concrete fall from meeting the above mentioned requirements. 


(2) The fact that in almost every instance a considerable waste of 
money results from the utter disregard of these rules. 


The popular forms of specification in vogue today are to a large extent 
responsible for the furtherance of the wasteful and inaccurate methods 
used. 


They frequently place restrictions on the gradings of aggregate which 
are futile and expensive. 

They stipulate arbitrary proportions, independent of the nature of the 
materials, and they leave unmentioned the most important factors which 
control the quality and cost of concrete. 
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It is not generally known, but nevertheless a fact, that good concrete 
can be made with almost any sort of clean, sound and stable aggregate, 
if sufficient cement is used. The grading of the aggregate, by virtue of 
the fact that the amount of cement required is dependent upon it, is more 
a matter of economy than one of regulation. The grading of the entire 
aggregates (fine and coarse) which proves most economical is that which 
produces a mixture of particles from fine to coarse having the greatest 
density or nearly so. 

In general, the influence the properties of the constituent of concrete 
have on the quality of the resulting concrete are as follows: 


The cleanliness of the aggregate, its hardness and durability are fun- 
damental requirements. 

The relation that the strength of the resulting concrete bears to the 
proportion, size and grading of the ingredients is: 

That the strength of the concrete decreases in a fairly definite relation 
with an increase in the amount of water used with a given quantity of 
cement, while the amount of water required to produce concrete of a 
given plasticity is a function of the quantity and maximum size of the 
aggregates. 

These relations have been sufficiently well established to form the 
basis for the determination of correct and economical concrete mixtures. 

In order to meeet the requirements of these recognized relations the 
committee offers the suggestions which follow. 

The aggregate should be clean, hard and durable. The largest par- 
ticles should be as large as the type of structure will permit, and the 
proportion of fine to coarse aggregate such that the density of the total 
aggregate is a maximum. Sufficient cement and water in a predetermined 
ratio depending upon the quality of cement and the strength of concrete 
desired should be added to produce a mixture of proper flowability con- 
sistent with the nature of the work. 

The carrying out of these suggestions will generally be found to give 
economical proportions. In some cases the conditions may warrant trials 
with 5 to 10 per cent less sand than that required to give maximum 
density to the mixed aggregates. 

The method of procedure, therefore, in determining concrete mixtures 
is as follows: 

(1) Select an aggregate the size of the largest particle being as large 
as the work will permit. 

(2) Determine the ratio of fine to coarse which will produce the 
greatest density of mixed aggregates. 

(3) Add cement and water in a predetermined ratio, dependent upon 
the strength desired, to the aggregate to produce a mixture of 
such plasticity as is most suitable for proper depositing in the 
work. 

The most important factor affecting the economy of a mixture is 
that, in a given volume of concrete, the greater the volume of aggregate 
the smaller the amount of cement and. water will it contain, 
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An economical mixture is one in which a minimum amount of cement 
is used and, since the ratio of water to cement is definite for a given 
strength, the dried the concrete, the less cement is required. 

It follows then that the most economical concrete of a given quality is 
that in which the aggregate is graded to a maximum density and mixed as 
dry as is consistent with the field requirements. 

A simple method of determining the economical proportions to meet 
the above requirements is given below. This method has been tried out 
and has yielded results which warrant its recommendation by the com- 
mittee. 

Having selected clean, hard and durable aggregates, combine varying 
proportions of the dry, fine and coarse until a proportion is reached, which 
gives the densest mixture, i. e., that which weights most per unit of volume. 

To this densest mixture add varying amounts of a cement paste 
(cement and water), premixed in the ratio corresponding to the strength 
required, until the desired plasticity is obtained. 

From the weight of a unit volume of the concrete thus obtained and 
the weights of the ingredients it contains, deri ive the proportions and mate- 
rial factors. 

The determination requires a very nominal equipment and may be con- 
ducted in the field in a very short time, thereby making it possible to 
make such corrections in the proportions as may be necessary due to 
changes in the characteristics of the materials or working conditions, 
thereby maintaining the quality of the concrete uniform and the cost as 
low as possible. 

It is the intention to obtain more definite information during the 
coming year on the efficiency of field apparatus in overcoming the 
difficulties encountered in the handling and measur ing of aggregate so that 
there may be placed in the hand of contractors practical, simple methods 
which will lead to improvements in the quality of concrete and result 
in a substantial economy. 


MANUAL FOR THE DETERMINATION OF PROPORTIONS BY THE 
MAXIMUM DENSITY OF AGGREGATE AND CEMENT 
PASTE METHOD. 


Determination of ratio of fine to coarse aggregate. 


1. Determine the weight of dry, fine and coarse aggregate per cubic 
foot.* 

2. To a given volume of coarse aggregate add in small increments 
weighed amounts of sand, mixed thoroughly and determine the 
weight of the mixture per cubic foot for each and every increment 
of sand. Continue until the weight of the mixtute has reached a 
maximum and shows a decrease in weight by the further addition 
of sand. 


*In all weight determination she A. S. T. M. Standard Specifications are 
to be followed. 
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3. Determine from the combination, giving the highest weight per 
cubic foot, the ratio of sand to stone. 


Preparation of cement paste to the proper water cement ratio. 


4. Prepare a water cement paste, the total weight of which shall be 
approximately 35 per cent of the weight of aggregate with which 
the paste is to be mixed. 


P= Weight of paste required 
R= Cement water ratio (by volume) 
c= Weight of cement required \ 


w= Weight of water required ao Bee the Cee 


w— 62.4 XP w= 62.4 X 100 —. Weight of water con- 

~ 62.4-+ 94 62.4 94 tained in 100 lb. of 
R Py paste 

aes OE O—100—Ww = Weight of cement contained 


in 100 Ib. of paste 


Pour the cement into the water, stirring continuously until the 
whole is thoroughly mixed. 


5. To a given weight of the mixture of fine and coarse aggregate 
mixed in the proportion established as described above, add 1 per 
cent by weight and mix thoroughly. 


6. To the wetted aggregate add small increments of the water and 
cement paste and mix thoroughly until concrete of the desired con- 
sistency results, keeping a record of the weight of paste used. 


7. Fill a measure of known capacity with the concrete thus made and 
determine the weight of concrete therein. 


8. From the data obtained from the above described tests, determine 
the yield factors and the proportions of cement, water, sand and 
stone. 

The following equations are given to show how the yield and pro- 
portions can be derived from the test records: 


Weishtiolidryssandiper Gust tasscemeccnee wesc inertia ecatrie io eieje oieteieie eters eietste oly + rie saves Asie ajo ale 
Wieighinor anv etone por cilesta ne. tertck et eisaacies cae aeheetl ieee srateiasolaipteiofeseiaion: ofeinis ele!siaie/sle wisvats 
Weight of dry mixed sand and stone per cu. ft..........-..+0-+0e0 +e Peo ; 
Weight of water and cement paste per cu. ft.... ae 

Weight of concrete per cu. ft.............- - 
Sand used in test sample................. nae ick 
STONE MISC acest SATIN Oya seme apetice ate e ale saictatet alalar eis rate Siete oieieioi lle Sue sein Sievert wiejsyet\erelsiaieveinysfayak 
Aggregate used in test sample 5 
Water and cement paste used in test sample............ 0.0 eee e eect cere eee e eee eet e teenies 
Weightiof water addeditoaggregate tlic. . c enw dec ewe rece tines viene cle viene + ree oweerise elaine 
Weight of concrete in test sample.................0.0005: ASGpipeBscaneshado A 

Weight of concrete in measure...............-2-++-e00- 

Volume of measure used in No. 7....... 
Molumerofibatchwcssccite newies-aaicoe ec scee nd 

Number of test batches in 1 cu. yd........ 2.2 ce cece cece ces seer en ee cn tec een sn seerenerersneceee 
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wWe=Vatvwtwp 


pata 
We 
27 
aa 
Weight of water in 100 lb. of water cement paste...... = f } : ores h I 
Weight of cement in 100 lb. of water cement paste..... =¢ See Table 1 for determination of these valieg 


Weight of Cubic Feet of 


Material Materials Material Factors P. ? 
Required to Required-to per oa. of Concrete. Proportion 
make 1 cu. yd. | make 1 cu. yd. 
of Concrete. of Concrete. 
Cement -—~ ake in bbl. 1 part 
Cement paste..... =NXwp=Py Pw _y 
Wp ” Pi Wee ee A FutFin part 
Water iooxena F” in cu. ft. wigs Fe Dp 
Water of absorption] =N Xwyw= Wo iS hp Vw=Fy in cu. ft. 
Sands scene oan: =NXws=S Sip _ ime : i 
s=Sw T. Vs 37 Fs in cu. yd. 1Fe parts 
Ston6zomere cane =NXg=G Gro _ Vg_ i Fo 
9=Fw W, Vy 37 Fg in cu. yd. TF, parts 
A Ww Va . a 
Aggregate..... ...| NXwqa=Aw Wa? 7 =Fgq in cu. yd. aPe parts 


The proportions and material factors are based on dry materials and 
allowance must be made in the field for the water content of the sand and 
stone and the bulking of the sand. 


The determination of correct and economical proportions is, of course, 
of no avail unless means are employed in the making of concrete that will 
insure accuracy and constancy. 

The inherent variations of the materials are mentioned below to indi- 
cate the necessary changes which must be made to present methods. 


Cement: Different brands of cement show wide variation in the 
strength attained at the period at which the concrete is 
tested. 

Sand: The varying amount of water held by sand causes a 


variation in the water entering the batch, and the bulk- 
ing of sand in the presence of water affect to a marked 
degree the actual amount of sand and water contained 
in a given volume. 


Stone: The variation in the water content of the stone does, as 
for the sand, affect the quantity of water in the batch. 


Sand & Variations in the grading affect the plasticity of the 

Stone: concrete if the quantity of water is maintained constant, 
and its strength if the amount of water is changed to 
maintain a constant plasticity. 
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Mixing: All the ingredients which constitute a batch must be 
mixed into a homogeneous mass, and the length of time 
the concrete remains in the mixer is vital to uniformity 
of quality. 


Conveying & The transportation of concrete from the mixer to the 
Depositing: work must be such as to preclude any segregation. 


The making of better concrete is dependent on a number of factors 
and compensation, must be made for the variables enumerated above 
through the use of specially devised apparatus. 

The need of accurate measuring devices for water and aggregates has 
become apparent to manufacturers of concrete, and a number of devices 
have been placed on the market which more or less perfectly accomplish 
the aim sought. 

Volumetric measures have been made, which are readily adjusted and 
so constructed that the material is struck off, thereby furnishing a certain 
degree of accuracy. These devices are satisfactory for measuring coarse 
aggregate but of little value in measuring sand, for they do not correct 
for the bulking or swelling of the sand containing varying amounts of 
moisture, neither do they compensate for the amount of water contained 
in the sand and stone which amount may vary from nothing to 30 per 
cent of the total water required for a batch. 

Other devices are constructed so as to determine the quantities of 
aggregate by weight. Greater accuracy results from this use. The bulk- 
ing of sand is, of course, compensated for, but the moisture content still 
remains uncompensated. 

Both of these methods render useless and even harmful the use of 
automatic water measuring devices so constructed as to supply a constant 
amount of water per batch, for this amount of water is the complement of 
the variable and indeterminate amount of water held by the aggregate. 
The general practice, therefore, is to rely on the judgment of the workman 
at the mixer to add such a quantity of water as he deems proper. 

By constant checking of the moisture content of the aggregate and cor- 
rections made in the adjustment of the measuring devices mentioned above, 
fairly accurate results may be obtained. _ 

New devices which automatically compensate for. the bulking of sand 
and the moisture content have been devised which more nearly solve the 
problem of accurately measuring sand. and water than any other known 
device. They are based on the principle that, if sand containing water in 
any quantity is dropped in water, the density of the sand thus submerged 
is approximately the same as that of dry sand and the amount of water 
necessary to fill the voids of the sand is approximately constant for a 


given sand. 
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The accompanying figure is a graph of tests made, showing the varia- 
tion in density of damp sand measured loosely and of the same sand 
measured in a submerged condition or inundated. 
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oe 
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Weight ip lbs. per Cobre Foot 


60 


Fer Cent of Morsture by Weight. 


VARIATION IN DENSITY OF DAMP SAND MEASURED LOOSELY AND INUNDATED. 


It is apparent from this graph that by inundating the sand the density 
of the sand and the water content are made constant or nearly so, and 
that without any further. regulation the accuracy and constancy of the 
proportions can be maintained from batch to batch. 


DISCUSSION 


A. N. Tatgsor.—I feel like offering a word of dissent from the state- 
ments put out in this report. It is given as a method of determining the 
exact quality of the concrete, the most economical relations of the mate- 
rials and the practical way of settling the amount of cement. It seems - 
to me that the method is based upon such uncertainties that it can not 
well be used—can not be of general value with the great variety of mate- 
rials used throughout the country. For one thing, I do not believe, from 
all the tests of which I have knowledge, that with most materials the 
greatest density of the mixed aggregate will give the strongest concrete, 
and if there is a difference in the cost of fine and the coarse concrete agegre- 
gate, it may be far from the most economical mixture. The requirement that 
the largest particles shall be as large as the type of structure will permit, 
implies that the strength of concrete is dependent upon the size of the 
largest particles. Within the limit of what would be used in reinforced- 
concrete work, say between %4-in. and 2 in., there is no particular difference 
in the strength that may be obtained by proper proportioning, using work- 
able mixtures. That is shown by many tests. I think the method, too, 
gives a wrong basis. The most dense aggregate is not necessarily that 
which gives the most dense and strongest concrete, even if the matter of 
workability were not taken into consideration. Besides, the method recom- 
mended limits the proportions to a single proportion of the fine and the 
coarse aggregates, when in most cases a considerable variety of propor- 
tions may be used to lead to the same results. The method of determining 
the amount of cément is involved in so many uncertainties that it is likely 
to carry with it dissatisfaction. I hope the committee will make further 
tests in the next year, and that they will present more fully the observa- 
tions on which their conclusions are based. 
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REPORT OF COMMITTEE E-6 ON DESTRUCTIVE AGENTS AND 
PROTECTIVE TREATMENTS. 


* The report of the Committee consisted in the presentation of 
two papers by members of the Committee, P. J. Freeman and John 
A. Ferguson, on the subject “Serious Concrete Failures and Their 
Causes and Remedies.” These papers, with the running discussion, 
follow: 


M. M. Upson (Chairman of Committee H-6).—No one likes to be the 
vultures of any particular industry. If we carry on our work as we want 
to, we necessarily have to bring in the unpleasant odors of bad workman- 
ship, bad material and bad results. The progress report this year will be 
presented by Mr. Freeman, of Pittsburgh, and Mr. Ferguson, of Pittsburgh. 
We have endeavored and are endeavoring a8 we proceed in the presentation 
of our subject, to pick out one or several unfortunate constructions which 
show us the horrible example of bad workmanship, bad material, bad 
methods, bad engineering, and present the fact as concisely as possible with 
a very detailed explanation of how a recurrence of this experience may be 
avoided. That is what we are hoping to do for next year. As Chairman 
of this Committee, and speaking in behalf of the members of this Com- 
mittee, we are hoping and listening with attentive ears for any suggestions 
or criticisms which will be helpful in carrying on the aims and ideals of 
a committee that works under the name by which ours is designated. 

P. J. FREEMAN.—The behavior of concrete under service conditions has 
recently been receiving more attention than in the past. Engineers have 
always been too willing to assume that concrete if placed tnder almost any 
conditions would always remain perfect and many did not take the trouble 
to examine their work after a lapse of a number of years. 

For the sake of reference attention is called to the symposium held 
by the American Society for Testing Materials last June and published in 
the Proceedings of that society for 1923. Also the extended discussions 
which are published in the monthly Proceedings of the American Society 
of Civil Engineers from August, 1923, to January, 1924. 

Various opinions are expressed concerning troubles which are being ex- 
perienced with concrete. Some of the writers place most of the blame on 
the cement and others would hold the aggregates and methods of handling 
responsible. 

In this paper which will serve to introduce further discussion we will 
consider two examples of defective concrete and suggest methods for pre- 
venting a repetition of the trouble keeping in mind the fact that under 
present conditions we must use the materials which are economically avail- 
able for the work. 

It is not difficult to find examples of defective concrete, but it is ex- 
tremely hard to obtain the facts on which to base an opinion. It should 
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be emphasized that engineers and other should have records of tests of 
the quality of the materials and also the methods actually used in the 
construction. The attention to these detaiis will not only tend to eliminate 
the liability for trouble, but later if an investigation has to be made there 
will be facts and not theories to work from which will enable the engineer 
to do better next time. 

About 1912 a dam was built partway across a river as the beginning 
of a large hydro-electric plant, but the project was abandoned until last 
year when plans were started to complete the development and build the 
dam entirely across the river. No water had ever passed over the dam 
and the greater part of it was only subjected to the action of the weather, 
but during the ten or eleven years the concrete had started to disintegrate 
so badly that to a casual observer it appeared that the whole structure 
was doomed. <A closer study of the dam checked against the plans and the 
very complete construction records developed the fact that although the 
same sand and gravel had been used throughout the condition of the 
1: 14%: 3 concrete was like first-class granite, the 1: 2:4 concrete was 
satisfactory and the disintegration was confined to the 1: 3: 6 concrete. 

The appearance of the disintegrated concrete was similar to that 
usually encountered in that there was a deficiency in coarse aggregate and 
the concrete was easily broken out with a pick to a depth of as great as 
two feet in spots. Underneath this material the concrete was quite hard 
and many hundreds of feet of cores were drilled for testing purposes. The 
average strength of this concrete which was mixed 1: 3: 6 was 2166 lb. 
per sq. in. The compressive strength of the 1: 2: 4 concrete which did not 
disintegrate was 3400 lb. per sq. in. 

It will be seen that insofar as the strength needed for design goes the 
1: 8: 6 concrete was more than ample and the 1: 2:4 concrete was still 
much stronger, but strength must not be used as the sole guide in selecting 
the mix for concrete which is to be exposed to the action of the weather, 
particularly freezing and thawing. 

In the report of Committee E-6, on Destructive Agents and Protective 
Treatments, last year it was repeatedly emphasized that for concrete to be 
durable, it must be relatively or comparatively impermeable to water. Few 
people will dispute the truth of the statement, but just why concrete must 
be impermeable it is an open question in the writer’s mind at present. It 
has been stated that unless the concrete is proof against percolating water, 
the cement will be dissolved out and thus destroy the concrete. We can 
appreciate the danger of this condition in concrete placed in certain loca- 
tions, but in the dam mentioned above the only water which came in con- 
tact with the concrete was rain and snow. 

This dam is situated in a locality which is sadly lacking in high 
grade aggregates and recently many tests have been made on the available 
materials, including the gravel which is obtained at the dam site and which 
was used in the previous dam built in 1912. When this gravel was sub- 
jected to the sodium sulphate test for soundness of rock as recommended 
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by the Association of State Highway Testing Engineers, after five treat- 
ments the softer pieces of gravel had all disintegrated to very fine powder 
or sand leaving only the rocks which were not affected by the treatment. 
The method used would probably be about as severe as thirty natural 
freezings and thawings. 

In the examination of many similar cases of disintegration the writer 
has always been struck by the fact that the coarse aggregate was entirely 
too low in proportion to the fine aggregate and it was assumed that there 
never had been a larger amount of coarse material and the placing of the 
concrete was given a share of the blame. In this particular case it is 
certain that more than one-fourth of the gravel would readily be disin- 
tegrated by frost action in a 1: 3: 6 concrete. 

To be sure the disintegration started in the concrete as it was first 
placed, which was a lean mixture, but we have not been disposed to ques- 
tion the durability of gravel which has existed “through the ages.” 

In any case the test of time has shown that if the same materials are 
again placed in the same way, using a mixture as rich as 1:2: 4, 
the concrete will not be affected in at least ten years. 

Some years ago a dam was built in the far west so high up in the 
mountains that it was exposed to very severe weather conditions. The mix 
was 1: 2: 3, the coarse aggregate being a local rock at the dam site which 
contained large quantities of shaley material. After a short time signs of 
deterioration appeared and it was given a gunite coating. In a few years 
the gunite came off, taking a layer of the concrete underneath. Very ex- 
tensive repairs were necessary and the concrete was readily cut out to a 
depth of a foot or more. During this process of removing the soft concrete 
it was observed that whenever any of the local granite had accidentally 
gotten mixed in, the concrete was entirely satisfactory, but the shaley rock 
which had been chosen for the work was readily disintegrated by the 
weathering, as it was structurally unsound. 

In these two instances at least it is quite evident that the durability 
of the materials was not considered. In the case of the first dam, the 
aggregates were durable in the richer mixes, but in the latter case the 
aggregates were totally unfit for use in concrete. 

More care should be used in the tests for the selection of all materials 
and careful records kept of all factors in the whole construction project, 
and by this means it will be possible to develop methods of testing which 
will more accurately predict the actual service of the materials as well as 
the concrete itself. 

Once the fact is fully recognized that under certain conditions some 
concrete will disintegrate, we can then start a systematic study of those 
particular conditions as they now exist and by extended study and discus- 
sions such as may follow in this meeting the disturbing factors can be 
eliminated. 

There are many instances in the design of structures where changes 


could readily be made to eliminate the possibility of water from entering 
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openings and percolating down until it causes trouble. In some cases the 
DEOD EE use of a waterproofing membrane of some kind will save the expense 
of using a rich mix throughout and in other cases it is only necessary to 
change some small details of design at no additional expense. 

Some very important work is being done in connection with the admix- 
tures which increase the workability of concrete. If by the addition of 
some less expensive material than cement we are able to make an imperme- 
able concrete which is durable, we should give such material serious con- 
sideration even though the addition of the material may reduce the 
strength of the concrete below that which would be the case if it were not 
added. The durability of the concrete should be given prime consideration 
when it is to be exposed to the action of the elements. 

It seems quite probable that by using some of the many treatments 
which are being developed for application to the surface of finished con- 
crete, that it will be possible to protect some concretes which are not 
otherwise liable to withstand the effects of weathering and our future dis- 
cussions should cover experience with such materials under severe service 
conditions. 

G. E. WARREN (by letter) —Mr. Freeman has pointed out in a graphic 
manner some of the causes of difficulties in specific structures. Examina- 
tion of concrete structures or others involving concrete, which has not 
fulfilled its proper function, is not a problem which can be solved with 
any degree of certainty or accuracy. It might be said to be akin to the 
task of unscrambling an egg. 

A great deal of time and money is spent in investigating forms of 
engineering structures of all kinds, frequently with indifferent or wholly 
unsatisfactory results. 

It appears to me that this discussion could not be closed without em- 
phasizing the greater degree of certainty which is now felt on the part of - 
concrete engineers with respect to predetermining the results they are 
likely to obtain. While there are many factors which go to make up con- 
creting operations that present unsolved problems or indefinite solutions, 
the extraordinary work of investigators during the last decade has made 
possible marked developments in construction practice. 

The Bureau of Standards, the Public Works’ and State Highway De- 
partment -laboratories, college experiment stations and many other able 
investigators have jointly or severally developed improved methods in 
design of mixtures and control of quality over a variety of conditions and 
with a variety of materials. 

The investigators, the practicing engineers and contractors have ap- 
plied these recent developments to concreting practices with astonishing 
‘results. The possibility of producing a concrete in the field with a reason- 
able degree of regularity and uniformity is made clear in several Papers 
presented at this meeting, which serve to emphasize the points raised by 
Mr. Freeman that greater attention to design of mixtures and control “of 
the placing of the concrete will render unnecessary many of the difficulties 


in examining faulty structures. 


568 Report oF CoMMITTEE H-6. 


— Jonn A. Fercuson.—One of the most essential problems with which 
this Institute has to deal is that of ferreting out the destructive agencies 
of concrete. Normally this problem is chiefly concerned with all agencies 
inimical to strength and permanence of concrete construction after it has 
been manufactured and placed in the structure. Actually preventive treat- 
ments if properly applied will forestall the necessity for protective treat- 
ments. 

However, since we seem to have sufficient illustration of the destruc- 
tion of concrete and reinforced-concrete, it becomes necessary to make a 
complete analysis of the situation. It would seem to be the duty of this 
committee to assemble the available information that will correctly name 
the destructive agencies, analyze them for cause and effect and arrange 
this information in order so that the proper protective treatment may 
be devised for each destructive agency and then determine upon the appli- 
cation of the appropriate protective treatment. 

Obviously preventive measures are to be preferred to protective treat- 
ments; both will be found to have their places, however. By far the 
greater emphasis has been rightly placed upon preventive measures, but 
protective treatments must be made available for use when preventive 
measures have not proven effective against unusual conditions or have not 
been applied. 

This particular contribution to the subject is the investigation into 
disintegrating concrete in the Reed Avenue Viaduct and Arch bridge of 
Monessen, Pa. This bridge is approximately 510 ft. long and 32 ft. in 
over all width. The superstructure consisted of floor and sidewalk slabs 
resting on the longitudinal stringer beams which were in turn supported 
upon cross beams which rested on concrete columns. ‘The bridge as a 
whole consisted of a centrally located reinforced-concrete arch of 150 ft. 
span, flanked on either end by viaduct construction reaching to the small 
approach abutments. 

The bridge was built during the summer and fall of 1912 and winter 
and spring of 1913. During construction in the winter, the aggregates 
and water were heated so that the temperature of the concrete going into 
the forms ranged from 60 deg. to 100 deg. Fahr. The heat used was 
greater on colder days and when cold weather was anticipated than on 
warmer days and when warm weather was anticipated just following place- 
ment. Whenever cold weather was anticipated than that of the day of 
placement the temperature of the concrete was measured by the thermom- 
eters embedded in a tube in the placed concrete in such a way as to 
register the temperatures of the concrete for several days or until it had 
cooled to that of the surrounding air, This took from 24 to 36 hours and 
sometimes 50 hours in isolated cases when cold weather was not encoun- 
tered subsequent to placement. 

On one portion of the bridge the engineer and contractor had in the 
early fall been surprised by a freeze of several days’ duration without any 
preventive measures having been taken. Surprisingly enough this concrete 
showed no disintegration whatever. 
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In 1920 there was observed that cracking of a lot of the concrete has 
progressed to such a point that attention was required to determine the 
safety of the bridge members so disintegrating. The writer made the in- 
vestigation for the City of Monessen and found that the ends of the longi- 
tudinal roadways stringer beams were cracking in numerous places, to- 
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Tron Oxide...... 14 .22}12 .36]12 00} 8.60]13 52] 8.66/10 .88] 10.80] 9.88]11.06] 9.60]10.74] 9.40/11 .50 
Calcium Oxide. .|17 64/16 .28/16 .46]18 .76]20 54/15 .00}13 .04| 20.6613 .60|14 .16]14 .50}15 .98|14.22]16 .40 
Sulfur Trioxide. .| 0.60) 0.60} 0.78] 0.54} 0.35] 0.30] 0.35] 0.53] 0.43] 0.56] 1.12] 0.70] 0.86] 0.70 
Magnesia and 
Carbon Dioxide] 4.06] 4.78] 5.26) 8.68] 3.56] 4.56] 2.05] 1.68] 0.00] 1.81] 1.80] 0.56] 4.24] 1.90 
Carbon, free....| 3.36] 2.24] 0.95} 0.90] 0.56] 3.00] 1.42] 1.26} 2.98] 1.87] 0.47] 1.54] 0.79] 1.56 
Carbonate...... 0.40} 1.45) 1.50) 3.00) 1.00] 2.40] 0.45] trace} trace] trace] trace] trace} trace] trace 
ANALYSES OF 
ConcRETE 
Cement......... 28.22) 6.00]13.10} 8.64/21.37)12.70) 5.21) 33.60}16.10]12 .90]12.28] 8.47] 5.15] 7.87 
Sand iiescceeaae 57.46/15 .30)30 .40} 15.52/35 92/33 .04]18 .07| 42.58/40 .45135 .68/31 .63]21 .29]14 64/18 .76 
Gravel, cin... 0 .00}77 .00/49 .00}71 .00/35 .50/47 .10/75.00] 0 .00]26.50}43 .00]47 .00167 .00177 .30170 .00 
Volatile......... 11.78] 2.30) 7.14] 4.60] 8.68} 7.12] 2.81] 24.56]11.88] 6.84/10.17] 5.19] 3.32] 4.83 
Undetermined ;.| 2.54) ..../ 0.86] 0.24) ....) 0.041 ..2-] ..... OOS WHOS] aereeell ie 


Showing amount of SOs if due entirely to cement, deducting 1.75 giving excess 


2.11 2.25 3.00] 1.80) 1.09] 3.04) 1.66 
0.36) 0.50) 1.25] 0.05) ....] 1.29 xe 


(a) Shows SOs total. 


1.60} 2.00} 2.40] 4.80) 2.70] 3.75) 2.65 
.--| 0.25) 0.65] 3.05] 0.95) 2.00] 0.90 


(b) Shows excess over what should be in cement or (a)—1.75. 


gether with the exposed ends of the cantilever brackets supporting the 
sidewalk fascia stringer, on the bottom of the roadway slab at the ex- 
pansion joints and practically all the bottom of the sidewalk slab and 
numerous other positions of less importance. 
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Every surface showing this disintegration was more or less covered 
with a white efflorescence. The sidewalk slab which had been concreted 
after April 6, 1913, was practically covered. The efflorescence on the under- 
side of these members occurred where percolating or seeping water came 
through the concrete. The materials of the efflorescence were often heavy 
enough to form stalactites a half-inch long. 

Upon tapping the sides of the longitudinal floor-beams where disin- 
tegration of the concrete was apparent a hollow sound was given out. 

A very complete analysis of the proportions of the several kinds of 
concrete found in typical parts of the bridge. This analysis, as would he 
expected, bore out the visual appearance of the concrete in the sample. 

A very interesting chemical analysis of the several kinds of concrete 
that seemed to typify the grades of the good, bad and in between good 
and bad concrete. The results of these analyses are tabulated in Table 1. 

Professor Stevens, of the Carnegie Institute, made some observations 


in connection with the analyses which are kere quoted: 


“Tt is evident that little information can be obtained from the sulfuric 
acid content as it may be and presumably is due to sulfating from atmos- 
phere, the river gravel carries mechanically, appreciable amounts. 

“If it were entirely due to this the samples containing the least cement 
should show highest sulfuric anhydride. 

“Referring to the table: 

“Sample 11 showing 2.00 per cent great excess of SO; has a gravel 
and sand content of 88.29 per cent, which is high. 

“Sample 9, with 3.05 per cert SO, excess has a gravel and sand con- 
tent 78.60. 

“Sample 6, however, with a deficiency of SO, has a gravel content of 
93.07. The large amount of very coarse gravel would not carry as much 
as SO, as the fine. 

“However, samples 1-7a-7b having highest sand content are not high 
in SO,. 

“Tt may be noted that no sample high in cement carries an excess of 
SO.. 

“The free lime and carbonate as given in table do not consistently 
follow the composition of the concrete, and are merely relative results.” 


Samples of the good, indifferent and bad concrete were submitted to 
the Pittsburgh Testing Laboratory. 

A water extraction test was carried out by immersing the sample in 
distilled water for the purpose of determining the nature of the soluble 
substances in the concrete. These analyses are tabulated in summarized 
form as follows: 


Nace 
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Parts per 100,000 


Analysis of Water Leach Sample 1 Sample 2 Sample 3 
RACH shane cnn hee ae 2 te 5.38 Trace 4.5 
Aluminum and iron oxides.. 50 Trace Trace 
Calcium carbonate ........ 9.63 66.65 17.4 
Magnesium carbonate ..... Trace Trace Trace 
Hydrated calcium sulphate. .40 1.36 47.00 
Magnesium sulphate ....... Trace Trace Trace 
Sodium sulphate .......... 13.80 Trace 32.2 
Sodiume chlorides: ye. tee 2.64 4.70 13.3 
Total solids extracted... 33.7 75.5 125.0 


Sample 1 


Large piece of concrete, good. 


Sample 2—Small piece of concrete from expansion joint was taken 
from disintegrated concrete. 


Sample 3—Flat piece of concrete from bottom of sidewalks was taken 


from very disintegrated concrete. 


Sample 4 Sample 5 

Per cent Per cent 
Sand sandecraveluema ane ee 67.58 84.26 
Solubleteilicdioeer rn <trccro ater es Ke 2.10 66 
Cal eiumpoxi deme rata wp emih eera te ee 12.26 6.18 
Alumina and iron oxide ............. 2.72 Neils 
LOSS RON RIO MITIOU Mee crtel ened hates 15.70 8.36 
Sulphuric anhydride... o.sm0 0. i. 0s ccs 0.36 0.36 


The analysis was made of samples of concrete, but to ascertain the 
proportions of possible destructive chemicals to be found in concrete corre- 
sponding with samples for the Water Leach Test as given in the foregoing 
table. Sample 4 in the above table is therefore taken from the same con- 
crete as Sample 2, and Sample 5 is taken from the same concrete as 
Sample 3. 

A sample of the white surface deposit was analyzed as follows: 


Per cent 
SHIRTCET rd dow Biats Gasc OIE ca eee 15.00 
PANS HOUTA gO XA Om meres as ere es. 13.20 
LE ONG OX Geum ete me tanirn iart sire ct gtaretis eae 2.80 
Calciumeoxid career ec rats ret k are. a cee ae 32.00 
Maen esitimagoxid eves teers on cc « Trace 
Sul hme mam biydigld Clay etiam es sce 7.28 
Carbone dioxddCmectiie. te: ciclegeincces oc Present 
VSOSSe OMe! ONUTIONesrek tase otc, Srerel poten sles 29.97 


CIiOnmidemeneemerera socks odes ealalna ese Trace 
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Approximate Combinations. 


Per cent 
Sulphate of lime (hydrated) ........ 15.60 
Cement eed inc srrera oie eee 43.00 
(Oh geen eetior rem mierib e.g Obi bxicico.006 14.6% 
Sandy ccsecrees. She ee eee ci cia 14.65 
Combined water and carbon oxide..... 26.75 


The conclusions drawn from these analysis were as follows: 


The analysis of the white surface deposit shows that it is composed of 
hydrated cement, which forms rather more than half of it, the remainder 
being about equal parts of hydrated sulphate of lime and fine clay and 
siliceous material. The substance which gives it its white color is the 
sulphate of lime, which is present in far higher ratio in the cement than 
is normal. 

The ratio of sulphuric anhydride to cement is about normal in the 
expansion joint samples of concrete. It is about double the normal ratio 
in the sidewalk slab samples. rs 

The water extracts show that the sidewalk slab yields to water a high 
percentage of calcium sulphate and a medium amount of calcium carbonate, 
while the extract from the expansion joint sample is just the reverse. 
The water extract from the large lump of concrete yields no calcium sul- 
phate and only a moderate amount of calcium carbonate. 

The damaged concrete was all removed and replaced by good concrete. 

A beam typical of the concrete that was to be left in place was cut 
out, lowered 125 ft. to a truck transported 60 miles to Pittsburgh and 
tested in the testing station of the United States Bureau of Standards. 
The load was applied at the third points to develop the diagonal tension 
as well as the transverse strength. It failed simultaneously in compression 
of concrete, and tension of reinforcement and was almost at the point of 
failure from diagonal tension. 

The load carried was such that the beam was considered to have a 
factor of safety of approximately 4 for a live-load of a 30-ton interurban 
street car. This was taken as evidence that the structure was adequate 
when and after the work of repair was completed. 

The significance of the chemical analysis is worthy of note. Undoubt- 
edly in this case the destructive agency was the presence of the acid radical 
of SO, which became H,SO, from contact with percolating water. Every 
portion of the bridge showing disintegration had been subjected to per- 
colating water for long periods of time, and consequently in cold weather 
frost action undoubtedly hastened the disintegration. The latter being 
thus one of the destructive agencies. 

The protective remedy applied was to replace all unsatisfactory con- 
crete by new concrete made under more modern methods and to water- 
proof the bridge roadway under the pavement by means of a bitumastic 
coating over the roadway slab. It was not thought necessary to waterproof 
the sidewalk slab because this was entirely removed and replaced. 
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This is a brief summary of a much more detailed investigation. 
J. Campbell of J. N. Chester, Engineers, was engineer in charge for his 
firm. Professor 8S. S. Stevens, Carnegie Institute of Technology and Pitts- 
burgh Testing Laboratory, made the analyses. John F. Casey Contracting 
Company, S. Fuller, Engineer and Manager, executed the work. Mr. Johns 
was City Engineer, and the writer was consultant on the plan and execu- 
tion of the work. 

The principal lesson to be learned from this repair and investigation 
is that it is not sufficient to properly proportion the materials and produce 
concrete of as dry consistency as may be used and fill all parts of the 
forms, and be properly consolidated around the reinforcement. Good, 
strong, permanent concrete can only be made after adding to the foregoing 
sufficient care in transporting and placing to insure concrete as thoroughly 
mixed in place as when it leaves the mixer. 

There is a difference between disintegration and decomposition. Dis- 
integration is a mechanical breaking up of the mass into smaller units, 
while decomposition is a chemical breaking up, disunion or rearrangement 
of the materials. The product of decomposition differs from the original. 
Decomposition and disintegration may occur simultaneously or separately. 

In investigating concrete chemically to ascertain whether the trouble 
is due to disintegration or decomposition, it is not sufficient to analyze 
chemically the cement sediments as the several constituents of the cement 
even though found to be present, are not conclusive evidence. It is doubt- 
ful if the chemist can ascertain whether the chemical combinations of the 
cement had taken place in proper form or whether they had been broken 
up or whether they had recombined into different molecular units. How- 
ever, where a portion of the cement was dissolved and carried along in 
water and deposited where evaporated, it is quite probable that the chemist 
can ascertain the combinations with sufficient accuracy so that practical 
conclusions may be drawn. 

Disintegration may be caused by freezing and thawing while in a 
saturated condition. Water expands 10 per cent in freezing. The force 
of expansion is practically irresistible, breaking up in time the strongest 
rock. Expansion and contraction due to changes in volume of the several 
materials will result in disintegration and the result is hastened by differ- 
ential expansion and contraction when the coefficients of the several mate- 
rials differ among themselves. The natural process of all rocks exposed 
to weathering conditions is one of disintegration or disintegration and 
decomposition. Even the best of concrete is not entirely exempt from this 
process. The historic examples giving the longest Jife are located in cli- 
mates not subject to great periods of changes in temperature. However, 
it is perfectly true that well-made concrete will amply justify its existence 
as regards permanence and freedom from disintegration. 

Decomposition of concrete is almost always-brought about in the pres- 
ence of water. Water percolating through concrete will invariably dissolve 
all lime not permanently combined with acid radical, and some of the 


574 Report or Commirrer H-6. 


latter forms are slowly soluble. Free lime, either hydrated or dehydrated, 
is quite soluble. Silicates, if soluble at all, are soluble when free lime is 
present without the hydroxyl. Silicates are not rapidly soluble under the 
most favorable conditions and in cement that is properly sintered and 
the silicate reaction satisfied there is practically no solubility. 

The problem of producing concrete that is proof against decomposition 
resolves itself into: 


(a) Production of sell-burned cement that will be chemically perma- 
nent in the presence of percolating water or water containing acid or 
alkaline chemicals. 


(b) Conerete that is as dense and impremeable as possible and where 
conditions are such that the water may carry an acid radical in solution 
in appreciable quantities, such concrete should be protected from contact 
with or percolation of water. 


Concrete containing SO, is not in danger unless water is present to 
form H,SO, The danger zone of serious decomposition from SO, does not 
begin until the ratio of SO, exceeds one part per thousand. 

The foregoing suggests that permeability rather than porosity or den- 
sity may be the more valuable criterion of resistance, and that the aim 
should be to produce impermeability rather than low porosity of absorp- 
tion. However, it is difficult at first to visualize concrete that may be 
porous, have a high absorption, and low density and that will at the 
same time be of low permeability. Practical consideration would lead one 
to expect all of these to go hand in hand. But the greatest of them is 
impermeability. To whatever degree any or each of the others is present 
it is necessary to realize that the function of impermeability must be real- 
ized as far as possible. 

Thus the necessity for progress in investigation and execution must 
be apparent. The fact that there are a great many very satisfactory struc- 
tures, should not blind us to the necessity for a better knowledge of the 
processes involved in the manufacture of cement and of concrete. The 
approximations of yesterday must be of the accuracies of today, backed up 
by detail attention to matters once thought trivial. 

A Memprr.—Did you have to do anything with the arch ring? 

Mr. Fercuson.—Nothing at all. 

A MrempBer.—Was the same aggregate used in the arch ring? 

Mr. Frercuson.—All through the bridge. Considerable care was used 
in casting the arch, I understand, owing to the fact that the contractor 
was new to arch span work and was very careful. There was a one line 
cable way which was not movable. The concrete was hoisted onto the 
cableway, carried to the center of the bridge, dropped down there and 
apparently shoveled from there into the beams and girders, and the further 
away you get from this cableway, the worse the concrete gets; the nearer 
you were to the cableway, the richer the concrete and the more dependable 
it was at the ends of the beams where apparently this conerete had been 
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deposited, but at the center of the span it was shoveled to the beam and 
allowed to slope either way; at the ends of the beams was where the 
trouble was found. 

A MemMBER.—Was the same mix used? 

Mr. Fercuson.—Yes, throughout the bridge from beginning to end, 
even the foundations. There were other items in connection with the con- 
struction of the bridge, but I do not know whether it is wise to expose 
them at this time. One of them is that under some of these girders on the 
abutment we found about four bushels of pure sand and there was appar- 
ently no cement or aggregate present at all. That is just an indication of 
several other things we found. 

F. C. Wicur.—I do not get just what the speaker gives as the ex- 
planation of the trouble. 

Mr. Frrcuson.—t have been unable to decide that question myself, 
except based on the idea that the contractor was far more careful in plac- 
ing the concrete in some places than others, and where the concrete is not 
porous the water is not seeping through it, and while the condition of 
the concrete is about the same as any good concrete in other parts of the 
bridge, it is possibly not ideal concrete. 

Mr. Wicut.—Then the excess SO, that you think is in the aggregate 
is affected only where seepage occurred? 

Mr. Frercuson.—Only where seepage has occurred. Thinking of it 
that way, the SO, became sulphuric acid when the water came in and dis- 
solved such free lime as was soluble and carried it away, leaving the freez- 
ing and thawing to do the rest of the work. 

A MrmsBer.—You say the SO, was supposed to have come in with the 
sand from the Ohio River? 

Mr. Frereuson.—That is the best estimate we can make from the 
records of the bridge and the analysis. 

A Mrmper.—Were analyses made of the Ohio River sand? 

Mr. Frrcuson.—We made no further analyses of the Ohio River sand 
to back that up. Our investigations stopped at the bridge because they 
did not give me the opportunity to go any further. 

LaNnapon Prarse—You speak of SO,; do you mean that you found 
sulphate in the aggregate? 

Mr. Frrcuson.—The chemist found SO. 

Mr. Prarse.—I do not see how he could find that. 

Mr. Fercuson.—He did not find the sulphates, he only thought they 
were present because he found SO,, and apparently, according to his ex- 
planation, it was impossible to find what combinations SO; had taken. 

Mr. Prearse.—Certain waters there are known to be acid, I think the 
Allegheny River in particular, and the Monongahela River water. Chemists 
of the geological survey will tell you that some of those streams are acid 
from the mine waste, not the steel mills, and those waters will attack 
limestone and create sulphates, and in the investigations we made to deter- 
mine the cause of breaking down, we decided that the active thing would 
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be the sulphates present which, in themselves, might be weak, but with the 
water on them might give trouble. 

Mr. Frercuson.—Quite likely that is the explanation; not being a 
chemist and this being the first time I hit this thing, I have not gone quite 
as far as you did. 

D. A. ABRAMS.—I examined this bridge in October, 1920, shortly after 
it had been closed to traffic and while reconstruction operations were in 
progress. Only an hour or two was spent on the structure and I had no 
opportunity to go into the records of the work as Mr. Ferguson probably 
has done. It seemed to me from a hasty examination of the structure and 
knowing absolutely nothing about the circumstances under which the work 
was done that sloppy concrete mixtures and the method of distributing, 
which put a premium on the use of plenty of water in order to get the 
concrete out to the edges, is a sufficient explanation of the failure of the 
deck portions of this bridge. 

I also found that the concrete contained a large percentage of coal 
up to a 4-in. size. No doubt this coal was brought in with the aggregate 
and the farther away the concrete was shoved, the more coal came to the 
surface. The combination of an excess of mixing water, the coal and 
freezing weather conditions seems to be ample explanation for the results 
found. 

Mr. Frrcuson.—I think that is a good explanation; I believe Mr. 
Abrams’ conclusions are correct, too. 

C. M. CuapMan.—lIf this bridge was in the steel district where fur- 
nace gases are large in quantity, there may be an explanation for this 
SO, present, or sulphur and some compound. It has been shown by experi- 
ments in connection with the bleaching out of sulphates and sulphur in the 
soil, that in some of the manufacturing districts the amount of sulphur 
brought down by precipitation, collected out of the air in the sulphur 
fumes of burning coal, amounts to as high as 40 lb. per acre per year. 
I do not know this bridge; the surface might have approximated a fraction 
of an acre, and if the district uses a great deal of coal, we might have as 
much as 40 lb. of sulphur precipitated on that bridge. 

Mr. Fercuson.—Not only the area of the bridge in this case might be 
counted in as regards the number of pounds of sulphur per year in the 
water which ran down on the bridge, but the roadway for some distance 
on one side sloped up for half a mile, maybe, and the water all ran down 
that roadway and onto the bridge and acress it. Now Monessen is quite 
a steel town; the bridge, however, is on the outskirts and a little one side 
of the prevailing wind, so that the gases from the blast furnaces would 
only occasionally reach the territory of the bridge. 
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A DISCUSSION ON THE DEFINITION OF CONCRETE, by W. A. SLATER, 
Chairman of the Committee. 


There has been a demand for a public discussion of the Institute’s 
definition of conerete. In fact, I have been informed by the Secretary 
-that the Board of Direction took action providing for such a discussion. 
The committee would have been glad to have this discussion before this, 
but the custom of the Institute has been to discourage discussion of nomen- 
clature reports on the floor of the convention. 

The definition of concrete which, except for minor amendments, has 
been a standard of the Institute for five years is 


Concrete—A compound of gravel, broken rock, or other aggregate, 
bound together by means of hydraulic cement, coal tar, asphaltum, 
or other cementing materials. Generally (always in the specifications 
of the American Concrete Institute) when a qualifying term is not 
used, portland cement concrete is understood, 


There has been a movement to restrict the definition in such a way 
that even with the qualifying term present the Institute does not recognize 
the right of other industries to use the word concrete in connection with 
a material which does not contain portland cement. 

The word “concrete,” with qualifying words, is in fairly common use, 
to denote other than portland cement concrete. This fact is recognized in 
the definitions found in the Standard dictionary, the International diction- 
ary, the Century dictionary, and the latest edition (llth) of the Encyclo- 
paedia Britannica. The special committee of the American Society of 
Civil Engineers on Road Materials (See Am. 8. C. E. Proceedings, Decem- 
ber, 1914, 3011), prepared a definition of bituminous concrete pavements. 

It is not uncommon in technical articles to use the term asphaltic 
concrete in exact acordance with the definition under discussion. In 
Engineering News-Record, July 19, 1924, there is a letter which uses this 
term. It is true that the writer of the letter was probably interested 
commercially in the matter, but so also are the majority of those who 
have written me during the past year in favor of the exclusion of all but 
the portland cement interests from the use of the term “concrete” in any 
form. The authors of articles in the paper Public Roads, published by the 
Bureau of Public Roads, presumably have no proprietary interest in pro- 
moting asphaltic concrete, and yet the term asphaltic concrete is used in 
the issue of June, 1918, p. 23 and 28. In his paper “Highway Research 
in Illinois” in the February Proceedings of the American Society of Civil 
Engineers, Clifford Older, Chief Highway Engineer for Illinois, uses the 
expression “Asphaltic concrete surfacing on a concrete base” to describe a 
He thus takes the committee’s stand precisely in rec- 
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type of pavement. 
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ognizing that without a qualifying term the word concrete means portland 
cement concrete, but that other kinds of concrete need the qualifying term 
and are entitled to the use of the term “eonerete.” The above references 
found without special search are sufficient to show that authors who have 
occasion to consider concrete having other than a portland cement binder 
recognize the correctness of applying to it the term “conerete” with a 
qualifying term. 

Of the members who support the idea that the terms “asphaltic con- 
crete,” “bituminous concrete,” etc., should not be used, I should like to ask, 
“What word is proposed to take the place of the word concrete?” Thirty 
years ago asphaltic concrete was common and was known as concrete. 
Some of the asphaltic concrete is still in existence. If it is not now 
asphaltic concrete, when did it cease being asphaltic concrete and what is 
it now? . 

A letter from John R. Nichols has stated the position of the Com- 
mittee so clearly that it is here quoted. 

“June 23, 1923. 

“Prof. W. A. Slater, Chairman 

Committee G-4, 

Bureau of Standards, 

Washington, D. C. 

Dear Sir: 

I have a circular letter from the Portland Cement Association in 
regard to the definition of concrete. You are doubtless familiar with 
the contents of this circular letter. 

Instead of urging, however, that the definition of concrete adopted 
by the joint committee be substituted for that given as Definition 25 
of the American Concrete Institute, it is my opinion on the contrary 
that the Institute’s definition is better. 

The word ‘concrete’ was used for tar concrete long before portland 
cement concrete was common, and at that time the word ‘concrete,’ 
without qualifying term, was generally understood to mean tar con- 
crete. In the last twenty-five years, however, the use of portland 
cement concrete has so enormously increased that the word ’concrete,’ 
without qualifying term, is now generally understood to mean port- 
land cement concrete. This does not signify, however, that tar con- 
crete is not concrete, and I consider that it is not at all proper for 
the Institute to attempt to exclude concretes with other than port- 
land cement binder from the use of the term. 

I conceive that the definition adopted by the joint committee was 
intended to apply to the use of the word in the committee’s report 
and was given in order that it might be clear that the report did not 
apply other than with portland cement binder. If the Institute adopts 
the joint committee’s definition, it will be construed as an effort not 
to make clear the actual meaning of the word ‘concrete’ but simply as 
stating a limited meaning to be applied in the Institute’s own publi- 
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cations. The Institute, in the last analysis, cannot alter the meaning 
of the word ‘concrete’; only common usage or good usage can deter- 
mine this meaning. It is my opinion that the definition quoted by 
the circular letter as that of the Institute is clearer because it not 
only gives the true, broad meaning of the word but also indicates 
its usual limited meaning when used without qualifying term. 


Yours very truly, 


(signed) Joun R. Nicos.” 


I have not yet mentioned the thing which in connection with this 
definition seems to me most important. Whatever we do, whether we 
accept the definition as the committee has given it, or insist that if the 
material does not contain portland cement it is not concrete of any kind, 
the result will be the same; everybody will know that concrete without a 
qualifying term is portland cement concrete. So far as the definition is 
concerned, then, this seems to be a tempest in a teapot, but another matter 
is involved which seems to me to be of more importance than all those 
mentioned, and that is the standing of the Institute. Is this a trade asso- 
ciation or a technical society? I want it to be considered that it is a 
technical society and that simply because the portland cement industry 
has 99.9 per cent of the usage of the word “concrete” we are not going to 
try to force other industries, which have some more limited use of the 
term, to recognize that nothing is concrete that does not have portland 
cement in it. If we were to take such an attitude we would put ourselves 
in the position that we are a trade association rather than a technical 
society. 

It has been suggested in correspondence that we omit the words 
“Generally (always in the specifications of the American Concrete Insti- 
tute)” making the definition to read, in closing, “When a qualifying term 
is not used, portland cement concrete is understood.” That would express 
the present practice in the vast majority of cases and as one member of 
the committee I would not oppose the change. I believe, however, that 
the definition is better, as it stands at present, and more likely to be 
given weight even in a court of law, because it is a careful statement. It 
makes the position of the Institute clear and does not assume the pre- 
rogative of legislating outside of its own sphere. 


REPORT OF COMMITTEE P-5, ON FIRE RESISTANCE OF CONCRETE 
BUILDING UNITS. 


Fire RESISTANCE or Concrere BurL~prne BLockK.* 


The fire resistance of building materials is a matter of extreme im- 
portance to the community at large. Our huge annual fire losses (63 
million dollars in residences alone) are causing increasing concern, and 
the conviction is rapidly growing that in the public interest and for public | 
safety, the use of permanent, fire-resistant materials ought to be encour- 
aged—especially as their relative cost today is so little in excess of less 
permanent materials. Present legislative restrictions on their full and 
free use ought to be examined and modified wherever present day experi- 
ence shows this to be possible. 5 

In this particular, the work of the Building Code Committee of the 
Department of Commerce is worthy of special mention and it is to be 
hoped that the adoption of this code with its reasonable regulations for the 
reduction of the thickness of masonry walls of brick, concrete or tile, and 
its provision for fire stopping and chimney construction, will soon become 
universal and lead the way to a greater use of fire-resistant construction. 


Non-Flammable and Fire-Resistive Material—The old idea that any 
incombustible material was necessarily fire-resistive has been the cause of 
many disastrous failures. It is recognized today that many materials that 
will not burn are failures as fire retardants. Materials vary so much in 
thermal conductivity, in rate of expansion when heated and in strength 
after heating; factors that are of paramount importance in fire resistance. 
The fire-resistive qualities of a building material bear no relation to their 
strength or conductivity. In building materials like gypsum, steel, clay 
tile, concrete block, lumber, cast iron and stone are found some that are 
high in fire resistance and low in strength and vice versa and even those 
that are high in both vary a great deal in thermal conductivity, rate of 
expansion and contraction and other factors that effect their stability. 
Therefore each building material must be examined, tested and rated, on 
its merits from the structural and fire-resistive point of view. 


Eatensive Use of Concrete Building Block.—The rapid increase in the 
use of hollow concrete building block and building tile in the construction 
of residences and garages, and its use as a backup for brick veneer in 
large buildings, is drawing a great deal of attention to this economical and 
popular building unit. 


* The illustrations noted in this report are not published herewith. 
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The incomplete statistics that have been gathered for the years 1922 
and 1923 indicate that at least 350 million concrete block and building tile 
were sold during each year, and it is probable that an accurate count 
would prove nearer to 400 million. The smaller figure is the equivalent 
of over four billion common brick as laid in the wall, (more than half 
the annual output), and indicates the universal acceptance of concrete 
block as a first-class structural material. Its economy leads many builders 
to use it insead of frame construction as by its use permanent, fire resist- 
ing construction is obtained at a cost that only exceeds frame by a very 
small margin. 

In the Building Code drafted by the Chamber of Commerce Com- 
mittee, concrete block is specified for residence construction on a parity 
with hollow clay tile or brick, and other similar building materials. This 
approval of concrete block as a standard building material will draw fur- 
ther attention to its excellent merits and will undoubtedly increase its 
use. Building codes of most cities permit its use but in the minds of 
many engineers, doubts are still unsettled as to its fire resistance owing 
to the fact that in some cases that come under their observation, con- 
crete block walls have not resisted fire satisfactorily. 

In view of the fact that many individual cases have shown negative 
results, although concrete block as a rule have shown high fire resistance, 
it seems well to analyze the fire resistive qualities of concrete block and 
point out those factors which affect its strength under fire. 


Fire Resistance of Concrete Varies According to Aggregate.—The fire- 
resistive qualities of solid monolithic concrete are very well known and 
have been very completely covered in the column tests carried out at the 
Underwriters’ Laboratories in 1917-1919. These tests on monolithic con- 
crete and concrete protected steel columns have established the fact that 
the fire resistance of concrete varies considerably according to composition 
of the aggregate and therefore in analyzing the fire resistance of any con- 
crete block the kinds of aggregate as well as the method of manufacture 
and form of the block must always be taken into account. 


Problems of Fire Resistance.—From a, fire insurance engineer’s stand- 
point, a wall may fail at one of three critical points, the first is the 
passage of flame through the wall. Second, the transmission to the unex- 
posed face of the wall of heat exceeding 300 deg. will cause timber or other 
inflammable material that touches or rests on the wall to char and often 
will ignite. Third, the loss of stability under load when heated may cause 
such structural weakness in the wall that although it remains intact dur- 
ing the fire, it is of no further value as a load-bearing structure. 

The fire resistance of solid monolithic concrete has been well estab- 
lished. But in determining the fire resistance of hollow building block of 
concrete or terra cotta, we are faced with additional factors, the most 
important being the internal stresses around the hollow cores. 

When heat is applied to one side of a hollow concrete block or clay 
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tile the exposed surface tends to expand. This expansion is not uniform 
through the block and on the unexposed face at the beginning of the fire 
there is no expansion at all. When the full thickness of the interior wall 
of the block has become heated the shearing stress, which up to that time 
was taken up by the full vertical area of the block, is concentrated on the 
thin cross webs and although the total stress per block is the same the 
stress per square inch borne by the webs is much greater than that pre- 
viously borne by the exposed face. There is therefore a tendency to crack 
at this point and this accounts for the large number of block found to be 
cracked when removed from the fire. 

At the 1923 convention the committee recommended in its progress 
report that certain changes be made in the program, in order to investigate 
time of web cracking or other failure and to determine what protection is 
afforded by stucco or plaster; and therefore in accordance with permission 
given by the Institute several changes were made in the original program. 
Panels A, G, and H had been tested before the presentation of the 1923 
report. Panels B and D were the next to be tested; Panel B was built of 
two cell block with rectangular cores and Panel D with building tile 
5 x 8 x 12 in. as described in Appendix A of 1923 report, pp. 355 to 359 of 
Proceedings, 1923. One-half of each of these panels was covered on the 
exposed side with portland cement stucco before being tested. 

Panels C, E and F as originally planned were omitted from the test 
program and in their place a series of tests was made in a specially con- 
trived small furnace in order to determine if possible the cause of the 
web cracking. 

In the 1923 report it was observed that web cracking was apparently 
the critical point on which the fire resistance of concrete block must be 
judged, as in other respects the fire resistance was highly satisfactory. 
Accordingly attention was concentrated on this feature. 

The tests on panels B and D one of which contained standard size 
concrete block and the other contained concrete building tile 5 x 8 x 12 in. 
showed that a protective coating of portland cement stucco had a very 
marked influence in reducing the amount of cracking especially in Panel B 
in which practically all the unstuccoed block were cracked while only 
30 per cent of the stucco protected block cracked. The stucco block also 
resisted the transmission of heat for about one hour longer. 

It was therefore thought possible that web cracking might take place 
during the period in which the block was raised from 200 deg. to 300 deg. 
on the outside face. 

Before building up another large panel it was deemed advisable to 
discover if possible if these cracks were caused by rapid expansion at the 
start of the test or to excessive expansion at higher temperatures. 

Some trial tests were therefore arranged in a small furnace and a 
series of small panels about 36 in. square listed as panels O, P-1, P-2, P-3, 
P-4, P-5, R, S, T, U, V, W. In building the blocks into the frames of this 
furnace an ingenious arrangement was devised whereby the interior of the 
block could be observed during the test. The lower two courses of some of 
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the panels were laid in as usual but the upper courses were not completed 
and the top course and the half filled third course were filled in with 4 in. 
gypsum blocks. This enabled us to look into the interior of the block 
during the progress of the fire test. 

The tests in this type of panel were inconclusive; in every case web- 
cracks were observed in periods ranging from 10 to 25 minutes. The top 
block was free to expand in all directions like a block in an unrestrained 
wall owing to the low strength of the gypsum block around it. This upper 
block cracked at the same time as the others and thus disposed of the 
argument that in unrestrained walls less cracking should be expected and 
this conclusion agrees with the observations made by S. H. Ingberg of the 
U. S. Bureau of Standards, whose fire tests on brick walls showed that 
better results under fire test were gained from the restrained panels than 
the unrestrained panels. 

It seems to be well established therefore that web cracking, if any, 
may be expected within 30 min, from the start of the test and that block 
which have not cracked by that time will remain intact. 

It was also observed that the results obtained in these small panels 
were far less satisfactory than in the standard large panels and therefore 
a final test panel K was. built using block that had been prepared for 
panels E and F, standard 1: 5 block steam cured and air cured respectively. 
The results from this test confirmed the previous tests showing the added 
protection afforded by portland cement stucco. 

Details of these tests follow: 


DESCRIPTION OF PANEL. 


Fire Endurance Test Panel B. 

Panel B was built of two-core concrete blocks manufactured of 1:5 
mix. It was necessary to chip the ends from a few of the blocks in order 
that they should fit into the 10 ft. opening in the brick panel. The mortar 
was used in laying up the blocks in a 1: 3 portland cement with 10 per 
cent by weight of the cement of hydrated lime similar to that used in 
Panels H, A and G. 

The blocks were installed as specified for Panel H. The north half of 
Panel B was stuccoed with portland cement stucco as follows: 

The blocks were thoroughly dampened before application of the first 
or scratch coat. 

The following aggregates were procured from a supply of material at 
the Laboratories which was bought in the open market. The stucco was 
applied by plasterers obtained from the McNulty Bros., Plastering Con- 
tractors, Chicago. 

Each batch consisted of the following: 


2 pails fine lake sand (44 lb. each).............. 88 lb. 
1 pail screened Torpedo sand (44 lb. each)...... 44 “ 
1 pail portland cement .......-.+.....++.+.0-5) 50 “ 


5 lb. hydrated lime 
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The stucco was applied in regular three-coat work. The finish coat 
had the sand screened in order to eliminate all coarse material. 

The scratch coat was applied about %4 in. in thickness, thoroughly 
scratched, then brown coat was applied same day scratched, making a 
(thickness of about 34 in., then a damp canvas was applied next day, mak- 
ing the stucco about 1 in. in thickness, the damp canvas was applied over 
same and allowed to remain in position without further dampening for 
about ten days before removal. 

The blocks in Panel B were 59 days old, when tested; they were laid 
up in the panel 34 days and the north half of the panel was stuccoed 27 
days before test. The panel was allowed to season in a room where the 
temperatures are kept well above the freezing point. 

No cracks were apparent in either the blocks or in the stucco previous 
to test although a few hair cracks were observed in the mortar joints. 

The test was continuous until the temperature on the unexposed face 
of the unstuccoed blocks averaged 300 deg. F. when the panel was removed 
from the furnace for further observation. 

The general appearance of sample before test is shown by Figs. 1 
and 2.* 


Observations During Test Exposed Face.—The fire was semi-luminous 
for short intervals during the first 75 min. due to adjusting the furnace 
fire, the flames were less luminous than usual during this period but fire 
was luminous during the remainder of the test. The fire had a tendency 
to swerve from north to south side during the first 75 min. During the 
latter part of the test the fire had a tendency to impinge for short inter- 
vals on the south or unstuccoed section of the panel. The fire in general 
was more severe on the unstuccoed section of the panel during the first 
165 min. due to considerable difficulty in regulating furnace fire during 
this period. 

The average furnace temperatures and the average temperatures on 
the stuccoed and unstuccoed section and on the unexposed face of the panel 
are shown by Fig. 7. 

Portland cement stucco finish began to separate and bulge away from 
the concrete blocks about 3 feet above the sill at 16 min., this separation 
gradually increased up and down from this point and at 20 min. the stucco 
had bulged away about 1% in. in the area where first noted. The separa- 
tion had extended from sill to about the middle of the central vertical 
edge of the sample at 27 min. when the greatest bulge was about 1%4 in. 
This bulge gradually increased to about 3 in. at 35 min. showing very 
little change until about 56 min. when an irregular crack about 3 ft. long 
appeared in the bulged area. At this time the bulge had apparently sepa- 
rated the stucco from the blocks and extended about one-half way across 
the lower half of the panel. At 75 min. several more irregular cracks 
appeared in the bulged area. At 120 min. the stucco in the bulged and 


*Tllustrations are not included in this preprint. 
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cracked area was insecure and apparently was dehydrated. At 183 min. 
a section about 2% sq. ft. of the stucco in the bulged area fell from posi- 
tion and after this period the bulge in the stucco began to decrease. At 
209 min. or 3 hr. and 29 min. when the furnace fire was extinguished and 
the panel was removed from the furnace another section of the stucco 
fell from position. 

Condition of the stucco about 18 hr. after removal from the furnace 
chamber is shown by Figs. 3 and 4. 

No apparent spalling or cracking was observed in the exposed face 
of the blocks during test. 


Observations on Unexposed Face of Panel During Test.—At the begin- 
ning of the test small hair cracks were apparent in the mortar joints be- 
tween the blocks. These hair cracks became more apparent during the 
first 15 min. of the test and appeared at several other points which were 
not noted before or during the first 15 min. No cracks were observed in 
the blocks during the test. 

Moisture appeared at the joints on south of the area opposite the 
unstuccoed section during the first 15 min. This moisture increased in 
volume at these points during the first 20 min. when moisture appeared 
at the joints on north side of the area opposite the stuccoed section. Steam 
appeared near the center of the top of the panel at 32 min. and appeared 
along the north and south edges of the panel at 40 min. At 60 min. the 
moisture decreased and at 75 min. all the moisture had disappeared on the 
south half at the mortar joints. At this period the moisture on the south 
side began to disappear and at 130 min. nearly all the moisture had dis- 
appeared from the unexposed face of the panel. At 180 min. only occa- 
sional jets of steam were apparent along the edge of the panel. 

The appearance of the unexposed face of panel after fire endurance 
test is shown by Fig. 5. 

The temperatures as indicated by thermometers attached to unexposed 
face of panel is shown by Fig. 7. 

The panel bulged toward the fire a maximum of 2% in. at center at 
210 min. The bulge was gradual and uniform from the beginning of the 
test until the panel was withdrawn at 210 min. The bulge in the pane 
gradually decreased after the test and at 18 hr. after the panel was with- 
drawn from the furnace chamber the maximum bulge was 1 3/16 in. 


Observation After Fire Endurance Test Panel B.—The general condi- 
tion of Panel B after test is shown by Fig. 3 and the condition of the 
stucco in the damaged area is shown by Fig. 4. 

No apparent cracking was observed in the exposed face of the blocks 
after test before sample was dismantled and then each individual block was 
carefully examined. 

The stucco was completely dehydrated especially in the damaged area 
where the heat penetrated through the cracks and behind the bulged area. 
The stucco finish was covered with a great number of very fine irregular 
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cracks and larger cracks corresponding to the size of the blocks behind it 
as shown by Fig. 4. 

The bond between the stucco and the blocks in the undamaged area 
was secure and remained in position in the majority of cases after the 
blocks were removed from the panel. 

The exposed face of the unstuccoed blocks was dehydrated to a depth 
of about 5/16 in., and this calcined area fell from position when exposed 
to the air for about three weeks. 


Condition of Blocks After Removal From Panel B.—There were fifty- 
nine blocks unstuccoed, fifty-nine blocks stuccoed and seventeen in the 
middle of the panel partially stuccoed and unstuccoed. 

Unstuccoed Section—Twenty-seven of the unstuccoed blocks had three 
webs adjacent to the inner face of the exposed shell cracked and also a 
vertical crack in the exposed shell at one side of the central web. These 
cracks are indicated in block in Fig. 6. Eleven blocks were broken or 
cracked in removing from the panel. Nine blocks had three webs cracked 
adjacent to the inner face of the exposed shell. Three blocks had two 
webs and one vertical crack in the exposed shell. Three blocks were un- 
damaged. The remainder of the blocks in the unstuccoed section were 
cracked in various combinations as specified above. No cracks were appar- 
ent in the unexposed shells or webs. The cracking in the shells and webs 
was more general in the lower half of this section than in the upper half. 
It was only possible to observe the various cracks as specified above under 
very favorable light conditions, and in a great many cases were not appar- 
ent under casual observation. It was possible to handle these blocks after 
removal from panel without danger of the cracked sections falling apart. 
The greater number of these blocks were shipped by truck to Lewis Insti- 
tute without any serious damage after removal from the panel for further 
test and observation. 

Stuecoed Section—There were 59 blocks in the stuccoed section and 
38 were apparently undamaged and in good condition. Eleven were broken 
in removing same from panel. Three had one end web cracked. Four 
had vertical crack in exposed shell. The remainder of the blocks in this 
section were cracked in various combinations of the above shell and web 
cracks. The stucco apparently protected the blocks to a considerable 
extent. 

Partially Stuccoed Blocks—There were 17 of these blocks. Six blocks 
were undamaged. Three had two shell cracks. Two had two web cracks 
and the remainder were cracked in various combinations of above. 


Fire Endurance Test Panel D. 

The blocks were installed similar to previous panels having south 
half of panel stuccoed as follows: 

The blocks were thoroughly dampened before application of the scratch 
coat. 

The following aggregates were procured from a supply of material at 
the Laboratories which was bought in the open market. The stucco was 
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applied by plasterers obtained from the McNulty Bros., Plastering Con- 
tractors, Chicago. 


The stucco was applied in regular three-coat work. The finish coat 
and the sand screened in order to eliminate coarse material, 


Stucco Mix Panel D 
Scratch and Brown Coat 


2 pails fine lake sand (4114 lb. each)......... Sommer 
L_pail. screen’ torpedo «sand... 0... uc laa. 52% “ 
AS paulsportlandecement menemes esse dk coder. 48 “ 
5. lb. hydrated lime 

32 lb. water 


Mixed thoroughly dry and wet. 

Seratch coat applied on Feb. 9 at 12 a. m. then scratched % to 
Y% in. in thickness. 

Brown coat applied next morning. 

Finish coat applied 6 days later. Brown coat was dampened 
before application of finish coat. 


Mia 
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The standard test equipment was used in this test. The test was con- 
tinued until the temperatures on the unexposed face of the unstuccoed 
blocks reached 300 deg. F. when the furnace fire was extinguished and the 
panel immediately removed and allowed to cool for further observation. 

The panel was tested March 16, 1923. 

The panel was 11 ft. high and 9 ft. 8 in. wide. 

A thorough horizontal crack was apparent in the mortar joints ex- 
tending through the stucco about 42 in. above the sill. The cause of this 
crack was not apparent. Location of this crack is shown by Fig. 8. 

The general appearance of panel before test is shown by Figs. 8 and 9. 


Observations During Fire Test Eaposed Face.—The furnace fire was 
more excessive during the first hour on the stuccoed or south half of the 
panel due to trouble in adjusting the furnace fire.. The fire was uniformly 
distributed during the remainder of the test. Slight impinging of flame on 
sample was noted for short periods during test. 

Temperatures in furnace chamber during test is shown by Fig. 15. 

A slight separation was noted in the joint between the stucco and 
blocks at 45 min. This separation became more apparent at 75 min, and 
increased slightly until about 140 min. indicating very little change dur- 


_ ing the latter part of the test. The size and location of this separation 


and general condition of the stucco after test is shown by Figs. 11, 12, 138 
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and 14. The original horizontal crack which was noted during test showed 
no apparent change during test. 

No other spalling or cracking was apparent during test. Furnace fire 
was extinguished and sample withdrawn from the furnace at 3 hr. and 36 
min. when the temperature on the unstuccoed section of the blocks on 
unexposed face averaged 300 deg. F. The temperatures on the inner face 
of the exposed shell and in the center of the hollow spaces and on the 
unexposed face of the panel are shown by Fig. 15. 


Observations on Uneaxposed Face of Panel D During Test.—On the un- 
exposed face of the panel moisture appeared on the area opposite the un- 
stuccoed section at 16 min. and at 30 min. the moisture appeared gen- 
erally at horizontal joints in the upper half of panel and increased in 
volume until about 55 min. when the moisture at the joints began to 
diminish until at about 175 min. the moisture had practically all dis- 
appeared. 

At 35 min. steam issued at the junction between the panel and the 
brick frame near the middle of the north edge and at 50 min. steam ap- 
peared along the south edge, at 55 min. steam issued from a mortar joint, 
near the thermocouple marked No. 2 in the stuccoed area. Steam appeared 
at several joints at 70 min. and gradually increased in volume until about 
180 min. when the volume gradually diminished from all joints. At 15 
min. an irregular mortar joint crack appeared in the upper north corner 
and at the same time a horizontal mortar joint crack appeared about 25 in. 
above the sill; at 17 min. another horizontal crack appeared about 48 in. 
above the original horizontal crack which was noted before test. An 
irregular mortar joint crack appeared in the lower north corner at 50 min. 
At 135 min. a vertical crack appeared in the blocks about 42 in. from the 
north edge and extended 96 in. above the sill. Two other vertical cracks 
appeared in the blocks at 135 min. and 145 min. and joined the other 
long vertical crack forming a fork with two prongs and a long handle. 
The location of these cracks are indicated by chalk marks on Fig. 14. 

The panel bulged toward fire a maximum of 21/16 in. at the middle 
in a uniform bulge at 160 min. remaining constant until 190 min. and 
decreasing to 2 in. when the sample was withdrawn from the furnace at 
216 min. (3 hr. 36 min). The maximum bulge was 15/16 in. toward fire 
at 18 hours after test. 

The temperatures on the unexposed face of panel are shown by Fig. 15. 

Appearance of unexposed face of panel after test is shown by Fig. 14. 


Condition of Blocks After the Fire Endurance Test.—The unstuccoed 
blocks were practically all cracked as shown by (1) Fig. 13. It was diffi- 
cult to remove samé from panel without the exposed cracked section sepa- 
rating from the remaining section. 

The blocks in the stuccoed section were cracked generally as shown by 
(2) Fig. 13 except that several blocks had an additional crack in either 
of the end webs and a few blocks had a vertical crack through each shell 
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and the middle web dividing the blocks into two sections. It was possible 
to handle these blocks without same falling apart. 


Auailiary Fire Endurance Tests—As a result of the foregoing tests, 
it was apparent that web cracking was an inherent characteristic of the 
blocks tested regardless of aggregate, method of curing or shape of the 
block. So the next step in the investigation was to determine at what 
period web cracking appeared and in order to determine this feature a 
series of tests was made, the blocks being similar to those already tested. 
The tests to be run for varying periods. 

These tests were made in the small brick furnace as shown by Figs. 
20 and 21 with structural steel framing and fire brick lining. The furnace 
was supplied with city gas for fuel, mixed with air supplied by a blower. 
The combustion chamber was 33 in. wide, 22 in. deep and 365 in. high at 
the center of the arched roof. 

The small furnace provided with the triplet panels as shown by Figs. 
20 and 21 was employed in these tests. The blocks were laid up similar 
to the previous samples allowing about one week to season. 

Results of these small panel tests established definitely that web 
cracking occurred during the first 30 min. of the tests and definitely dis- 
posed of the theory that restraint panels gave severer conditions than the 
unrestrained—as the top blocks which in some panels were surrounded 
with gypsum blocks of like strength, allowing ‘the concrete to move freely 
—cracked just as quickly as the others. 

From the results of the first group of these small samples it was 
apparent that general web and shell cracking occurred early in the test, 
and from results of tests of the stuccoed blocks in panels B and D there 
was some indication that %4 in. portland cement stucco decreased the gen- 
eral web cracking to some extent but as these tests were not conclusive 
in order to come to a definite conclusion on this feature it was decided 
that small triplet panels should be constructed and same to be stuccoed 
with regular *4 in. portland cement stucco. 

The exposed shells in the blocks used in the following tests were about 
1% in. thick and when the % in. stucco was applied made a total thick- 
ness of 24% in. 

It was apparent from the results of test of these stuccoed panels that 
blocks with shells 13g in. thickness and stuccoed with % in. portland 
cement stucco showed general web cracking similar to the unstuccoed blocks 
with shells about 1% in. thick. It was observed that type B standard 
blocks which had shells about 2 in. in thickness gave more favorable re- 
sults; when *4 in. stucco was applied to this shell the thickness of the 
exposed shell averaged about 2% in. 

It was then decided to run one more large panel (Panel K) com- 
pletely covered with portland cement stucco in order to check up on the 
‘results of the previous stuccoed panels. 


Fire Endurance Test Panel K.—Panel K was constructed with blocks 
of the following types as described in Table I, Appendix 1. The lower 
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four rows of Type E-3, next four of Type E-2, next four of Type H-3, and 
the remainder of Type F-2 blocks. 

The panel was constructed similar to the previous samples, was 10 ft. 
wide and 11 ft. high. 

The sample was stuccoed with two coats 34 in. portland cement, in- 
terior stucco, similar to that applied to Panels B and D, except that the 
stucco was applied in two coats and no damp canvas was used as de- 
scribed in previous samples. 

The sample was about 35 days old when tested and the blocks were 
about one year old; they had been stored inside, protecting them from 
extreme weather conditions. 

Appearance of sample before test is shown by Figs. 41, 42 and 43. 


Observations During Test Exposed Face.—Fire was semi-luminous dur- 
ing the greater part of the test, having a tendency to fluctuate in intensity 
from the north to the south side during the first part of the test becoming 
more evenly distributed at 20 min. and remaining fairly luminous during 
the remainder of the test. The fire had a tendency to impinge on the 
sample during the test. 

The temperatures in the furnace chamber in the hollow spaces and on 
the unexposed face of the sample is shown by Fig. 46. 

No spalling or cracking was apparent on the face of the sample dur- 
ing test. ; 


Observations of Unexposed Face.—Cracks appeared in the mortar 
joints in the lower north corner at 10 min. and in upper north corner at 
20 minutes. No cracking or spalling was apparent in the blocks proper 
during the test. 

The panel bulged %4 in. toward the fire at 20 min., 13g in. at 60 min., 
2% in. at 120 min., 29/16 in. at 180 min.. and was 1% in. after the panel 
was allowed to cool. 

Appearance of unexposed face of sample after test is shown by Fig. 43. 

The temperatures on the inner face of the exposed side in the hollow 
spaces and on the unexposed face at the middle of the panel, are shown by 
Tig. 46. 


Examination of Blocks After Test.—The blocks were removed from the 
panel and carefully examined under very favorable light conditions, and 
the following results were noted. 

It was possible to handle all blocks after removal from panel without 
same separating, due to the dove-tailing of the coarse aggregate in the 
walls of the webs and shells. Cracks were difficult to discover under the 
most favorable conditions and it is possible that other cracks may have 
been present in the blocks than those indicated in the following summary. 

These cracks as specified below became more apparent after the blocks 
were tapped with a hammer or the blocks were used with ordinary handling, 
indicating that although apparently insignificant at first, when jarred the 
blocks had a tendency to separate and fall apart. 
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Type F-2 Blocks. 

About 33 per cent of blocks 'Type F-2 examined were uncracked, 
20 per cent had exposed vertical shell and all webs cracked, 20 per 
cent had two webs cracked, the remainder had various combination 
of the above cracks. 


Type F-8 Blocks. 

About 50 per cent of Type F-3 blocks had one vertical exposed 
shell cracked and all webs 25 per cent had only the exposed shell 
cracked and the remainder had various combinations of one exposed 
shell and one or more webs cracked. 


Type H-2 Blocks. 

About 40 per cent of the Type E-2 blocks examined had only 
‘one vertical crack in the middle exposed shell, 38 per cent had the 
exposed shell and two adjacent end web cracks, and about 23 per 
cent had the vertical exposed shell and all webs cracked, the re- 
mainder were cracked in combinations of the above. 


Type E-3 Blocks. 

About 90 per cent of Type E-3 blocks had all webs cracked and 
one vertical crack in the exposed face. A few blocks had two ver- 
tical cracks in the exposed face in addition to the above web cracks, 
the remaining blocks had cracks of various combinations of the 
above and a few had one or two webs uncracked. 


CONCLUSION. 


The results of the tests are highly encouraging for they have shown 
that the fire resistance of the standard concrete block tested is far greater 
than had been supposed. 

The test program was not completed until December 28 and the re- 
sults are still being studied by the Underwriters Laboratories—who will 
shortly issue a report on them to their Council. 

Prior to the publication of this report it would be premature to make 
a final report on the proper fire resistance ratings of hollow concrete block 
as in comparison with other building materials. 

The following conclusions, however, may be drawn at this time from 
the results of the tests: 


1, Walls of moderate lengths, properly constructed with regard to 
piers and buttresses of well-made, 8-in. concrete block can be relied upon to 
resist the passage of flame in fires of ordinary intensity for a period ex- 
ceeding five hours without spalling or cracking of the surface—and if ex- 
posed to fire hose stream during that period will not collapse. The impact 
of falling beams is not likely to overturn the wall. 


2. A temperature of 300 deg. Fahr. on the unexposed face of block 
in an 8-in. wall may be expected at periods ranging from two hours and 
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thirty minutes to three hours and thirty minutes, according to the form 
of the block and the aggregate used. 


3. The bond between portland cement stucco and concrete block is 
sufficient to cause the stucco to adhere when exposed to furnace tempera- 
tures and can be relied upon to delay reaching the 300 deg. point for one 
hour and also protect the block in large measure from the splitting or 
cracking observed in some panels of the unstuccoed block. 


4, The exposure to flame for three hours or more causes a deteriora- 
tion of the exposed face and loss of strength in the block up to as much 
as 30 or 40 per cent when not covered with stucco. But the fire tested 
block regain a good deal of their strength after the fire and in no case 
does the strength of the unit go below the usual allowable loading of city 
building codes. 


5. Web cracking may be expected in a large proportion of hollow 
concrete building units exposed to fire. This cracking occurs early in the 
fire, usually before 30 min. has elapsed. 


The question remains unanswered as to whether the structural stability 
of the wall has become seriously impaired when web cracking has occurred. 
Although this point is very important it cannot be regarded as a critical 
one as long as there is no comparative data on brick and clay tile walls. 
The report of the Bureau of Standards in the recent fire tests in brick 
walls points out that compression tests made of masonry before and after 
fire tests, while indicating adequate strength for most of the brick, indi- - 
cated in some cases such loss of strength in the fire test, that, taken in 
connection with the deflections obtaining at the end of the test might prej- 
udice ability to carry working load. 

Tests made on block taken out of the panel after the fire test show 
a loss of strength varying between 25 and 40 per cent so that it might be 
reasonable to assume that block carrying one thousand pounds per square 
inch on the gross area before the test would be good for at least 600 lb. 
per sq. in. afterwards. Concrete block walls are practically never used for 
heavy loads. Building codes usually allow a maximum load of 70 to 100 
lb. per sq. in. on concrete block walls. The practice almost universally 
adopted is to use a structural frame when heavy loads are to be carried. 
In residences the load on-the wall very seldom exceeds 40 lb. per sq. in. 
In buildings of this class there should be, therefore, an ample factor of 
safety even after a severe fire if there is not more than 50 per cent of 
cracked block. 

The remarkable recovery in the strength of block after removal from 
the fire (especially on those block which are first subjected to an absorp- 
tion test) would indicate that there is no concealed fracture in any of the 
block, as even a recovery in strength of the concrete itself would not re- 
sult in an equal recovery in the strength of the block if there was concealed 
internal cracking. 
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The effect of this web cracking upon the ability of the wall to safely 
bear its load during or after the fire exposure period is dependent upon 
several variables including the height of the wall, the live load which it 
carries, and whether or not this load is uniformly or eccentrically applied 
with respect to the wall thickness. 

The importance of web cracking in its influence on the load bearing 
qualities of the wall could not be determined with the Laboratories facil- 
ities at our disposal, and it is very desirable that further investigations 
he made on this point. There can be no doubt that when a large percentage 
of blocks are cracked the strength of the wall is thereby reduced, but we 
could not determine whether the strength had been reduced to a point 
where the factor of safety had been encroached upon. 

Building codes usually call for a load not exceeding 100 lb. per sq. in. 
on walls of concrete block. The Standards of the American Concrete Insti- 
tute for medium load bearing walls call for block 750 lb. per sq. in., and 
as far as pure resistance to compression is concerned the walls have such 
a large factor of safety that even if the whole load were carried after a 
fire on the inner half of the block a wall in a normal building loaded up to 
the limit allowed by the code would have strength enough to carry the 
load and inasmuch as the walls showed no serious face cracking or sign 
of disintegration and were uninjured by the falling beam except for the 
hole cut at the point of impact it would seem that concrete block walls 
were amply strong for the purpose for which they are commonly used. 

Consideration of stability of wall for use in rebuilding seems to us to 
be of similar moment, but we think it may be fairly argued that this 
assembly must be at least as stable as brick or clay tile walls. 

Take, for intance, the common brick wall laid in lime mortar. Hven 
if such a wall remains uncracked the intense heat of a severe fire would 
dehydrate the mortar entirely* and you have as a result a wall consisting 
of brick resting in a bed of material having little more strength than sand. 
Tf the wall is laid in portland cement mortar it may be a little stronger 
but it is obvious that the customary methods of laying a brick wall in 
cement mortar could not result in producing such a strong mortar as the 
mortar or concrete in the ordinary concrete block.: Moreover, brick are 
not usually true to shape, their irregularities being taken up by the 
mortar. The concrete block is true and square and is laid with a much 
thinner joint; and therefore, assuming that the mortar in a wall laid in 
cement mortar and a wall of concrete block are affected to the same de- 
gree, the strength of the concrete wall must obviously be greater after a 
fire than that of the brick wall laid in cement mortar. 

Clay tile has not only the disadvantage of irregularity in shape and 
thick mortar joints above referred to, but it is also subject to cracking of 
the webs. Clay tile also are ordinarily laid in lime mortar while concrete 
_ block are laid in cement or lime—cement mortar. 


*Bureau of Standards Report of Fire Tests on Brick Walls states “here 
was loss in strength of lime mortar approaching disintegration which must be 
considered where masonry strength is concerned.” 
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6. The method of manufacture and curing, which had a marked bear- 
ing on the compressive strength of the block had practically no effect on 
its fire resistance. In this connection it is interesting to notice that block 
in Panel B which had the highest strength in compression had a higher 
percentage of cracking under fire than Panel A. Panel D in which the 
quality of concrete was the highest had nearly every block cracked during 
the test, however, these units had very thin shells. 


aT: Although there was a slight variation in the performance of blocks 
of different form made on different machines it may be stated that for 
practical purposes as regards one piece hollow units the form of the block 
had very little effect on its fire resistance. 


8. The kind of aggregates used had practically no bearing on its fire 
resistance except in the case of coarse aggregate of highly siliceous mate- 
rial, which seemed to be less fire resistant than other material. 

No detail analysis was made of the gravels to determine the composi- 
tion of finer particles as distinct from coarser particles. It is generally 
found the so-called calcareous aggregates have a fairly high percentage of 
siliceous material and in such cases the finer material is usually siliceous 
while the larger pebbles are calcareous. It is noticeable that all of the 
fine aggregates used had a high percentage of siliceous material. (See tests 
on aggregate samples 6416 and 6417.) 

It is, therefore, the expectation of the committee that 8-inch concrete 
block walls of good quality block not containing highly siliceous aggregate 
and passing the A. C. I. tentative standards Class B will be recognized in 
Underwriters’ Laboratories’ report as a satisfactory fire resistant in panel 
enclosures, and other non-load bearing walls and also in lightly loaded 
walls. 

When block are protected from direct contact with fire by brick veneer, 
portland cement stucco, or plaster, their fire resistance is considerably in- 
creased and they can then be recommended for heavier load bearing. 

The tests have all been made on 8-inch walls of hollow concrete block 
and in order to complete a study of this subject it is highly desirable that 
a further program of tests should be laid out to include: 


(a) 12 in. walls of hollow block 
(b) 8 in. walls of 2-piece block 


In the light of the tests already made it is probable that each of these 
constructions will show higher fire resistance than those tested in the 
present series. 

It is also essential that further tests be made on 8-inch walls under 
load in order to determine what effect the web cracking has on the sta- 
bility and load bearing qualities of the walls, 
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The committee desires to place on record their deep appreciation of 
the many courtesies and splendid co-operation of the Underwriters’ Labora- 
tories and particularly to mention the untiring zeal and energy of M. J. 
O’Brien, of the Underwriters’ Laboratories; E. W. Dienhart of the Portland 
Cement Association, and Stanton Walker, of the Structural Materials Re- 
search Laboratory, who handled all the detail work of the test program 
and contributed so materially to its success. 


LresLir H. ALLEN, Chairman. 
HARVEY WHIPPLE, Secretary. 
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Taste I].—Strenetu Tests or Brock Brrorr AND Arrer Fire TEST. 


Tests of three-oval-core block. 
Methods of Testing. 
1. Tested in accordance with recommendations of the American Concrete Institute. 
2. Dried to constant weight. 
3. Tested wet after immersion in water for 48 hours. 
4. Immersed in water 10 days, dried in laboratory 3 days. 
5. Frozen and thawed 5 times; block thawed by immersion in water at room temperature. 


Compressive Strength, lb. per sq. in. 


Absorption, 
per cent by ‘ 
Date of | “ weight, Before Fire Test. After Fire Test. 
Panel. Fire - 
Test. a 
Before] After | Test | Test | Test | Test | Test | Test | Test | Test | Test 
Test. | Test. | No. 1. | No. 2.] No. 3.]No. 4. | No. 5.] No. 1.] No. 2. | No. 4.) No. 5. 
Ne pe es 12-28-22} 5.3} 8.5 | 1250 | 1430 | 1080 | 1900 | 1950 | 1390 990 | 1540 | 1560 
5.7 | 5.7} 1010 | 1730 | 1080-| 1570 | 1690 | 1170 770 | 1340 | 1690 
5.1] 8.0] 1240 | 1580 | 1220 | 2040 | 2010 | 1440 | 1070 | 1440 | 1520 
| EE SKUNK ERO RO | SCT) 840 | 1350 | 1660. 
Average.|........ 5.4] 7.6 | 1180 | 1580 | 1180 | 1840 | 1990 | 1370 920 | 1420 | 1610 
Date tested..]........ (12-4 | (1-25 | (12-14 } (2-1 | (1-16 ] (1-16 } (2-19 } (1-25] (1-19 | (1-18 ] (2-16 
—22) | -23) | -22) | -28) | -23) | -23) | -23) | -28) | -23) | -28) | -23) 
Galiaanacs: 12-29-22} 5.4] 38.1] 1155 1070 750 | 880 
BYP See) eld Sb: 890 700 | 1060 
5.3 |Bro e] 1220 710 
5.7 | while} 1155 740 
5.8 | hand-] 1080 < 
— | lng | — — | — | — 
Average.}........ 5.6 . | 1160 980 725 | 870 
Date tested. .}........ (12-4 (12-14 (1-25 | (1-19 | (1-18 
-22) -22 ~23) -23) | -23 
(Oe a Saks oe 12-29-22} 5.3] 6.1] 1850 | 2170 | 1150 2070 | 1490 600 | 950 
4.3 | 6.7 | 1820 | 1690 | 1360 1850 | 1360 570 | 1070 
4.9] 6.1] 1720 | 2060 | 1160 2160 | 900 810 | 1460 
4.0 1600) [ere | coer 2110 
Average.|........ 4.6 .8 | 1620 | 1970 | 1220] .... | 2050 | 1250 660 1160 
Date tested..}........ (12-4 | (1-25 | (12-14 (2-1 | (1-16] .... | (2-19 (1-25 (1-19 | (1-18 
22) | -23) | -22) | -23) | -28) —22) | -28) | -23) | -28) 
G-3 fia oneer 12-29-22] 4.9 1590 | 2580 | 1770 Over 1990 
Bh 1950 | 2250 | 1950 ca- 880 
4.0 1870 | 2420 | 1710 pacity. 
4.1 1460 | .... | 2070 (2500) 
3.8 1830 Hie Lote Se 
Average.]........ 41 a8 1740" {12420120880 || ee een eee eee -... | 1440 
Date tested..]........ (12-4 (E21 (2S 1 G16) eevee eet een cade |) xc bat f3} 
~22) -22) | -23) | -23) —23) 
18 Gib Soni Beta 12-27-22] 5.7} 11.94 1220 790 1400 730 
5.9] 17.1} 1000 510 1430 680 
5.9 | 11.8 990 nee orn shone 
5.3] 7.5 920 Stirs oe 
6.0} 7.6 920 hase 
Se RONG shh eet 
Ta aS Sete 
7.8 nae 
9.1 Fini 
6.8 see 
7.8 Roan 
Average.|........ 5.8} 9.1] 1010 650 1420 700 3 
Date tested..]........ (12-4) (1-2 | (12-14) .... | (1-16] .... | (2-49] .... | (12-30 On 
-22) | -23) | -22) -23) -23) -22) 


— 
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TaBLE I.—Srrenetn Tests or Brock Brerore AND AFTER FIRE TEST.— 


Continued. 
ison ton, Compressive Strength, Ib. per sq. in. 
per cent by 
Panel Bele ot weight. Before Fire Test. After Fire Test. 
Test. |————_———_ ee = 
Before] After | Test | Test | Test | Test | Test | Test | Test | Test | Test 
Test. | Test. | No. 1. | No. 2.! No. 3.] No. 4.] No. 5.| No. 6.| No. 2. | No. 4.] No. 5. 
1 Oe ae nee 12-29-22) 11.2 | 17.5 960 | 1030 790 ESOC ceaacine ol tees eres 580 
12.64), 1725 920 | 1250 DAO AL 2O0 Ms iestcan || athe 530 
LCT laice 980 | 1260 SOO STON eat see 600 
12.1 | 16.6 950 570 
12.0 | 16.5 1020 (12-30 
~22 
17.6 580 
18.1 530 
13.2 600 
17.5 600 
(1-6 
—23) 
Waste 720 
wedats 560 
aoe 690 
Average.}....... 11.9 | 17-5 970 | 1180 LRA |) COIN) Boke Wea 660 
Date tested. .]........ (12-4 | (1-2 | (12-14] (2-1 | (1-16] (1-16 ey |W cette (1-9 
~-22) | -23) -22) -23) | -28) | -23) ~23) 
nt en arene 12-27-22] 6.5 1360 | 1500 850 | 1580 |} 1480] .... 780 820 
5.6 1110 | 1350 970 | 1470 | 1150} .... 810 980 
5.8 980 | 1040 990 | 2210 | 1410] .... 610 910 
6.7 SLOW PL/50M|| LOZO Mire scra | eLiL0) Il ere 750 900 
6.5 870 (12-30 
-22 
820 
790 
610 
(1-6 : 
-23) 
wae? Niuecere Bd erie | leas 1110 . 
Average.}........ 6.0 1070 1410 960 | 1750 | 1440 1120 
Date tested..]........ (12-4 (12-14 | (2-1 | (1-16 ] (1-16 | (2-19] . (1-8 
-22) -22) | -23) | -23) | -23) | -28) ~23) 
eH ects 12-27-22] 7.8} 11.1 1010 790 1910 530 
6.41 10.5 980 510 eres 550 
6.9 | 11.0 1040 540 
P shilleel 990 (12-30 
iS ~33) 
7.2) 11.2 1100 650 
reeeaal (e  Hel rn 630 
Average.|........ ele Welles: 1020 650 1010 640 
Al eee (12-4 | (1-2 | (12-14 1-16 (1-16 1-6 |.. 
pee -22) | -23) | -22) ~23) 23) -23) 
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Tabie IJ.—Srrenatu Tests or Concrete Biock Arter Fire TEST FROM 


PaneL “B”’, 
Strength tests of two-square core block. 


Compressive Strength of Block, lb. per sq. in. of Gross Area. 


After Fire Test. 
Lot N F f Before 1 = . 
Lot No. ace 0 : : aboratory 
Fire Test . Air of Laboratory ° 
Air of Laboratory. 8 days, Remainder ae poi: oe 
Out of Doors. 
7 days.* 28 days.* 21 days.* 28 days.* 28 days.* 
6580. oe ans Plain... 2350t 1420 1150 rope 1670 1540t 
2350t 1610 1350 Rinate 1870 1490t 
2350T 1370 1000 Paki Marie Pres: 
Average.|........ 2350 Scare ee Foe lata 1520 
1860 930 
1780 eee 
1700 
Average.|........ 1780§ 1330 1170 ave 1770 Sees 
Date tested. .]........ 1-18-23 2-20-23 3-13-23 Se eee 3-13-23 3-13-23 
BOSE. «tea sd Stucco. . See 2080 1430 1550 1660 1390 
eee 1640 1220 1610 1590 1430 
1840 1490 1560 1580 1260 
1900 1400 1480 1530 1120 
Average.|........ ariye 1860 1380 1550 1590 1300 
Date tested..]........ ata 2-20-23 3-13-23 3-6-23 3-13-23 3-13-23 


* Time after fire test. 3 
7 Over capacity of 300,000-Ib. testing machine. Calculated on basis of 300,000-lb. strength tests made 
after absorption tests 
Half block, 
§ Tested as received. 


Tasie III].—Srrencru Tests or Concrete Tire Arrer Fire TESTS FROM 
Panget “D”, 
Strength tests of two-cell 5 by 8 by 12-in. concrete tile. 


Compressive Strength of Tile, 
Ib. per sq. in. of Gross Area. 
Face of Panel. 


Before After 
Fire Test. Fire Test. 
lainscsawacues aia oece ROE eet seletoaie BEER nn le arr eine 1670 810 
1790 540* 
1710 1050* 
1800 1000* 
ae he 750* 
ANOLOSO sic Sy ice adic trolee Aorta athens a oie tae teste iol Act te hae eee ee 1740 830 
SHUG! vais 5a 5 Steve dibs a Shige atecacetarOopiaee e oke oP eaaeT ats ranges OE TENE oie ete Lene Og acoae 1130 «+ 
1020 
1150 
960 
700* 
760* 
1150 
DA... a ee oe ae Pe rere err ar ee Sa erty sill iceman edge 980 
Date tested ...f.5..:62 dainebite de aa e Seo ate ae re eee eee 3-€-23 3-30-23 


* Part of tile tested; wall exposed to fire broke off on removal from panel; partition and outer wall intact. 


ap 
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Tasie IV.—CuemicaL ANALYSES OF AGGREGATES. 


Each value is the average of two determinations. 


~ I Alumi- Magne-| ~ : Approximate 
Lot | Silica Oxid num | Calcium | sium | Sulphuric | 7 oss on | Free Mois- | Combustible 
No. | (SiOz) | pUGe | Oxide | Oxide | Oxide | Anhydride | Tgnition.| Iron | °° | “Matter, 
(FexOs) | (A103) | (Cad) | (Mg0)| 80s) CU) per cent 
6411 | 24.97 | 7.08* | 10.45 4.67 1.02 0.61- 46.75 | 3.45 | 0.53 47 
6412 | 93.32 | 2.88 2.00 0.11 0.53 none OF89"} Smenes | 5 an. is 
6413 8.51 1.12 1.27 | 45.7 3.70 0.03 39.06 | none 
6414 | 96.00 | 1 45 1.42 0.03 0.68 none 0.51 | none 
6415 | 37.50 | 0.90* 10.61 39.26 4.25 0.99 4.10} 1.18 
6416 | 20.94 1.14 1.76 24 .62 16.32 none 35.23 | none 
6417 | 43.76 1.23 3.81 16 90 10.94 none 23.17 | none 
6418 | 38.92 0 .26* 10.66 | 42.71 4.70 0.20 0.82 | 0.29 


TasLe V.—EFFrECT OF AGE ON THE STRENGTH OF ConcRETE BUILDING 
Biock Arrer Exposure TO FirRe.* 


Three-oval-core block stored in moist room tested at different ages after fire test. 
Compressive strengtn in Ib. per sq. in. of gross area. 


Compressive Strength of Block 


Date of Date Placed After Storage in Moist Room for 
Lot No. Panel. | Fire Test, in Moist 
3 Room. 

7 days. 28 days. 3-mos. 1 year. 

GOS A ercceie aes A 12-28-22 1-22-23 880 1380 1290 1880 

930 1360 1210 1950 

1100 1220 1375 1790 

AN CFSE arteias aps nysnietsieiatne nate ae ssiohieiclem asi kine serene 970 1320 1290 1870 
Dateitestedtn cca ci tintaavetolieured itt tea neenintaes- 1-29-23 2-19-23 4-22-23 1-22-24 


* These block are from the same shipment as those listed under Lot. No. 6455 


DISCUSSION 


Lestir H, ALLEN.—The report of Committee P-5 is a continuation of 
the report submitted last year, which described the starting of the pro- 
gram of tests authorized by the Institute on the fire resistance of concrete 
building units. The tests were confined to hollow concrete block and 
building tile. The program was all laid out and the methods of making 
the block described in the report that was submitted last year and which 
appears printed in the Proceedings. I may remind the members that the 
occasion of making these tests was because of the hindrances, the difficul- 
ties, that the concrete products industry has found in getting an acceptance 
of their material by fire-insurance engineers and building commissioners, 
and the desire to know the real facts concerning the fire resistance of 
the concrete building unit, particularly in so far as they differed from 
solid concrete. = 

A. R. Swarn—tI was very glad, as a member of Committee P-5 to 
vote with Mr. Allen for this report which he has abstracted to you this 
evening, but I am not able to agree with every word of it. That is because 
since the report was written I have given a great deal of time to the study 
of the data we have secured at the Underwriters’ Laboratories and have 
endeavored to put that into shape for our report and to defend what we 
hope are the proper conclusions of that report. I think all of us have 
had the experience of writing out or forming our conclusions first and then 
seeking to write a report to defend them, and that is substantially what 
we of the Laboratories’ staff have done in this particular instance. 

One of the points on which IT am not able to agree with the report 
in the digest of conclusions, is that the influence of the five~ aggregate 
may be ignored. Mr. Richard L. Humphrey, in 1906 or 1907, directed a 
series of tests for the Geological Survey, in which were included some 
tests of block made exclusively of fine aggregate, and those blocks failed 
even more miserably than any of the blocks subjected to tests in this 
recent series. It so happens that in the samples used in our recent tests, 
with one single exception, the same fine aggregate was used throughout, 
and that was Fox River sand, and it has occurred to me that possibly the 


longitudinal cracking which has been so generally observed in all these | 


hollow units in our tests, is due to that one very thing. 

Mr. Allen has said in the report that the Structural Materials Labora- 
tory has disclosed by its tests this this Fox River sand is a 45, 50 or 60 
per cent silicious material. JI think we are all willing to say that a 
highly silicious aggregate is not a desirable material when fire exposure 
performance is a consideration, and perhaps the 40 per cent of silicious 
material or silica that we find in the Fox River gravel or sand is the 
explanation after all of the web cracking in these units. 

As to what is stability—we have attempted, in the Laboratories, to 
apply the standard specifications for fire tests of building material and 
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construction. Those tests require, as Mr. Allen has said, three fundamen- 
tal performances, one being no passage of flame, another heat insulation, 
the critical point being when 300 deg. F. is reached on the unexposed face, 
and the third, for loaded assemblies, that they shall be stable. I do not 
know whether stability is required for a long time after the fire exposure 
or only during the period when exposure is occurring. A possible solution 
has occurred to some of those who have discussed this data; if we can find, 
by very careful consideration, and can compile, by plotting or otherwise, 
tables or data to show that longitudinal cracking does not occur in 100 
per cent of the units and does not occur at any specific point in a given 
area, we will perhaps land eventually with the equivalent of uncracked 
units equal to the header courses in an 8-in. brick well; at least we will 
have the equivalent of headers in a brick wall and can consider that our 
entire wall area is substantially like that of a brick wall with headers 
every 6 or 7 courses. Where cracking has occurred, we have the equivalent 
of those portions of the area of a brick wall where the bricks are laid 
with the long dimension exposed; in other words, two courses of 4-in. 
brick. That may be a way of explaining to the satisfaction of engineers 
and city building inspectors, insurance engineers and rating authorities, 
that the stability of an 8-in. wall of cracked hollow units suffices. It will 
be up to such gentlemen more than to the staff of the Underwriters’ 
Laboratories or any committee of the American Concrete Institute to 
determine just what stability means. This has been a very interesting 
work. A great many points have been brought out. The most important 
one, in view of the management of the Underwriter’s Laboratories—a view 
shared heartily by its engineers, is that the use of these non-combustible 
units should be encouraged wherever possible. The continued use of 
combustible materials for the erection of buildings of the character of 
building in which this material is used is not a desirable thing from the 
point of view of public economy; and it is the function, I believe, of 
Underwriters’ Laboratories to encourage the use of non-combustible ma- 
terials in building construction, and certainly your products, these hol- 
low concrete building units, classify as non-combustible and are to be pre- 
ferred from that point of view. On that basis it will be my effort in 
drafting this report to have it advocate the use of these materials with 
proper limitations as to size and loading, wherever they are likely to be 
used as a substitute for combustible materials. 

Tra H. Woorson.—The situation has been well stated both by Mr. 
Allen and Mr. Small. There was one thought that came to my mind as 
Mr. Small was speaking, and that was as to whether, in the analysis of 
the wall, they made careful enough study of the individual blocks to note 
to what extent the cracks were located on the face next to the fire, and 
what proportion may be located further back. That would have a bearing 
upon the question of bond still remaining in the wall after the fire. If 
ther were some webs left uncracked and others that were cracked midway 
of the wall or near the back, there would still be more or less of a bond- 
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ing action there that might resist sufficiently the eccentric load of a layer 
of floor beam ends carried on that wall. That is the problem that faces 
the insurance organizations; whether such a wall after a fire is sufficiently 
stable to support the eccentric load of the floor beams. I am told by in- 
surance agents that they are frequently called upon to replace a concrete 
block wall after a fire because the inspector for the owner finds that a 
part of the blocks are cracked, and the owner says, “make the wall as 
good as it was originally.” That means complete demolition, and a new 
wall. I think that is probably the reason why insurance companies have 
usually rated such walls in the same class as wooden construction. As 
far as they are concerned, the wall is a total loss. Now if we can show 
from these tests that there is still bond action enough in those walls to 
carry safely the eccentric load of the floor beams, possibly that objection 
can be overcome. I think it is a point that might well be given careful 
consideration, for, with Mr. Small, I feel that it is a type of construction 
that we should encourage and not discourage. 

S. H. Inapere (by letter) —In the reference made to the preliminary 
report on fire tests of brick walls by the Bureau of Standards the note 
relative to strength of brick masonry under fire conditions should not be 
interpreted as indicating any alarming condition. The probabilities are 
that all but 4-in. walls will satisfactorily sustain load throughout a 6-hour 
fire test. A series of fire tests under load are now in progress that will 
give definite information relative to the above. 

The same applies to the effect of fire on masonry laid in lime mortar. 
While there is apparently a larger loss of strength of the mortar, the 
masonry does not lose strength in the same proportion since a high load 
can be sustained on the relatively thin beds. The present series of tests 
of walls under load is designed to give information on this particular 
also. All mortars lose strength on the exposed side of a wall subjected to 
fire, although the percentage loss is apparently higher with lime mortar 
than with cement-lime, or cement mortar, particularly if exposed before 
the lime has carbonated. 
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RECOMMENDED PRACTICE FOR THE DESIGN AND CONSTRUCTION 
OF CONCRETE DWELLING Houvusszs. 


Progress Report of Committee -S-5 on Reinforced-Concrete Houses. 
I. FOREWORD. 


In preparing this first draft of Recommended Practice for the Con- 
struction of Concrete Dwelling Houses, the Committee has recognized to a 
certain extent the natural limitations of loading and stresses in the dwell- 
ing house type. Methods of design applicable to large structures may, 
with safety, be simplified when applied to dwellings, and arbitrary regu- 
lation of wall thickness is justified. Certain facts of common knowledge 
in regard to the strength of concrete as compared with well-known types 
of lighter construction should be given expression in regulations for the 
heavier type. 

No better excuse for submitting these regulations need be given than 
the comparative newness of the use of concrete for dwellings and the pro- 
tection from fire loss gained thereby. 

The report is not intended to be taken as complete at this time. It is 
so arranged, as may be seen by reference to the outline that additions may 
be conveniently made or revisions incorporated without disturbing the bal- 
ance of the report. 

The final chapter, which may be considered in the nature of an appen- 
dix, is to contain a program or requirements under which standards may 
be prepared for individual systems, units and forms of construction. It is 
proposed, with the co-operation of the proponents of each individual build- 
ing material, system, unit and form of construction, that complete detailed 
standards may be prepared for each and promulgated so that they will 
serve as information for all who desire to use them. It is felt that this 
information will confer a needed service upon the building public and 
promote the proper and dependable use of each kind of dwelling house 
construction in a uniform and dependable manner and therefore the co- 
operation of the proponents of each individual kind of construction is 
earnestly requested. 

In the main portion of the standards it is desired to set forth the 
general principles applicable to all kinds of construction and such general 
standards as may be applicable to concrete dwelling house construction 
without conflicting with any of the standards that may be subsequently 
promulgated. Here again suggestions are invited from everyone to the end 
that these chapters may be complete and fulfill their purpose. 
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II. MATERIALS. 


(A) Cement. 


1. Only standard portland cement that fulfills the specifications of the 
American Society for Testing Materials for portland cement shall be used 
in the .construction of concrete and reinforced concrete dwelling houses. 


(B) Aggregates. 


2. The use of aggregates in meeting the requirements of this Chapter 
is subject to the results of tests made‘at a testing laboratory of recog- 
nized standing, showing that the aggregates proposed for use will give a 
strength factor of safety of 5 on compressive specimens at 28 days. The 
tests shall be conducted in accordance with the Standard Methods of Mak- 
ing Compression Tests of Concrete of the American Society for Testing 
Materials. 


(C) Fine Aggregate. 


3. Fine aggregate shall consist of sand, crushed stone or other inert 
materials having similar characteristics. It shall be free from such 
amounts of dust, lumps of clay, soft particles or other foreign substances 
likely to impair the strength or permanence of the mortar or of the 
concrete. 


4. Fine aggregate shall range in size from small to large, preferably 
within the following limits: 


Passing a No. 50 Sieve: Not less than 30 per cent. 
Passing a No. 4 Sieve: Not less than 95 per cent. 


5. Fine aggregate consisting of natural sand shall not be used if it 
shows a darker color than the standard when tested in accordance with the 
Standard Method of Test for Organic Impurities in Sands for Concrete of 
the American Society for Testing Materials. 


(D) Coarse Aggregate. 


6. Coarse aggregate shall consist of crushed rock or stone, gravel, 
crushed, air-cooled, weathered blast furnace slag or other inert material 
of similar character or combinations thereof having clean, hard, durable, 
strong uncoated particles free from injurious amounts of soft, friable, thin, 
or laminated pieces and from alkali, organic or other deleterious matter. 
Llast furnace slag for this purpose shall be free from flux-stone and should 
preferably weigh not less than 60 pounds per cubic foot and be seasoned in 
the bank for not less than one year. 


7. Coarse aggregate shall range in size from small to large, prefer- 
ably within the following limits: 
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(a) For large sections or members: 


Passing a No. 4 sieve: Not more than 5 per cent. 
Passing a 11%-in. sieve: 95 per cent. 
With no particles larger than 3 in. 
(b) For sections or members less than four inches in the least 
dimension : 
Passing a 14-in. sieve: 95 per cent. 
With no particles larger than %4 in. 


8. Rubble aggregate shall consist of clean, hard, durable stone larger 
than coarse aggregate and not larger than one-man stone. 


(E) Water. 


9. Water for concrete shall be clean and free from oil, acid, alkali, 
organic matter or other deleterious substances. 


(F) Reinforcement. 


10. Metal reinforcement shall be of a quality and character meeting 
the requirements of the Standard Specifications for Billet Steel Concrete 
Reinforcement Bars of the American Society for Testing Materials. 


1l. Wire for concrete reinforcement shall conform to the requirements 
of the Tentative Specifications for Cold Drawn Steel Wire for Concrete 
Reinforcement of the American Society for Testing Materials. 


12. The areas of deformed bars shall be determined by the minimum 
cross section thereof. 


13. The quality of cast iron used in composite columns shall conform 
to the requirements of the Standard Specifications for Cast Iron Pipe and 
Special Castings of the American Society for Testing Materials. 


III. DESIGN. 
(A) Nomenclature. 
14. The symbols used in the following formulas are defined as follows: 


A,=gross sectional area of concrete. 

A, =the effective cross-sectional area of metal reinforcement in ten- 
sion in beams or compression in columns. 

b = width or rectangular beams or width of flange of T-Beam. 

d =depth from compression surface of beam or slab to center of lon- 
gitudinal tension reinforcement. 

D. = least horizontal dimension of column, shear or pilaster. 

fe = compressive unit stress in extreme fiber of concrete. 

fs = tensile unit stress in longitudinal reinforcement. 

j ratio of lever arm of resisting couple to depth “d.” 
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L =span length of beam or slab, or unsupported length of column, 
pier or pilaster. } 

M =bending moment or moment of resistance in beam. 

o = perimeter of the bar. 

P =the carrying capacity of an axially loaded column. 

p = ratio of effective area of tension reinforcement to effective area of 
concrete beams—A,/bd. 

wu =the bond stress per square inch of superficial area of the bar. 

V =maximum vertical shear, or shear at the critical section. 

w =uniformity distributed load per unit length of beam or slab. 


(B) Working Unit Stresses. 


Concrete, 15. The following working unit stresses on concrete are based on a 
compressive strength of 2000 pounds per square inch at 28 days of the 
concrete cast in place: 


Extreme fiber stress in flexure— 
700 lb. per sq. in. 
Extreme fiber stress compression, adjacent to support of continuous 
beams— 
800 lb. per sq. in. 
Shear in concrete— 
40 lb. per sq. in. 
Direct compression on plain concrete in piers, pedestals and footings— 
500 lb. per sq. in. 


Reinforcement. 16. Tensile stress on billet steel and rail steel bars—18,000 lb. per 
sq. in. i 
Masonry Walls. 17. The unit working stress for masonry walls, piers and pilasters 


built of concrete masonry units laid in portland cement mortar shall not 
exceed the following: 


Hollow concrete block: 120 lb. per sq. in. of gross cross-sectional area. 


Solid concrete block: 150 lb. per sq. in. of gross cross-sectional area. 
Concrete brick: 250 lb. per sq. in. of gross cross-sectional area. 
Cinder concrete block: 80 lb. per sq. in. of gross cross-sectional area. 


(C) Design Loads. 


General 18, All parts of the structure shall be designed to carry the dead 
Requirements. joads and in addition the live loads herein specified. 


(a) Floors: Floor joists, slabs, arches and similar members—40 lb. 
per sq. ft. 

(b) Roofs: Roof beams, rafters, purlins, etc—30 Ib. per sq. ft. of 
horizontal projection. 

Where the climate is such that no snow loads occur, the roof live- 
loads may be taken as 20 Ib. per sq. ft. of horizontal projection. 
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‘ 
; 
| 
3 


Report oF CommMirrer S-5. 607 


(D) General Principles of Design. 


19. All parts of the structural supporting frame bearing loads or re- 
sisting stresses shall he designed so as to support the dead weight of the 
structure, including all permanent parts or members, and in addition all 
live-loads, without exceeding the allowable unit working stresses for the 
kind of materials, systems, units and forms of construction employed in the 
building. 

20. All calculations and allowable unit working stresses shall, unless 


otherwise prescribed, conform to the standards of the Report of the Joint 
Committee on Concrete and Reinforced Concrete. : 


21. Whenever the structural parts or members are rigidly connected 
as to act as a unit in carrying loads and resisting stresses, the design of 
each part of the structural framework shall be computed according to the 
relative rigidities of the structural members and their connections. 


22. Connections between the several parts of the structure shall be 
sufficiently strong and_ rigid to carry the loads imposed and to resist all 
lateral forces. 


(E) Beams. 


23. Beams shall not be considered as fixed, unless fixity is positively 
provided by monolithic construction with supports and by the use of 
appropriate reinforcement. 


24. For beams continuous over two spans, the positive moment at cen- 
ter of span shall be: 


2 
cel (1) 
10 
and for negative moment over the middle support: 


1 eee (2) 


8 
in which: 


M =the bending moment. 
w = load per lineal foot 
1 — the span face to face of supports 


25. The resisting moment of the beam shall be computed by the fol, 
lowing formulas: 


Resisting moment of steel — M,—f, X %d X Ag (3). 


Resisting moment of concrete — M, = oe ile (4) 


M, and M, — Resisting moment of steel and concrete respectively. 
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26. Bond stress on bars in beams shall be computed by the following 
formula: 
ua (5) 
ojd 
27. uw shall not exceed 80 lb. per sq. in. for plain bars, nor 100 lb. per 
sq. in. for deformed bars, unless anchorage of the bars is provided by 
anchoring the bar beyond the point of zero moment by means of U hooks 
having a radius of bend not less than four diameters of the bar and having 
a straight run of bar beyond the hook, of at least six bar diameters. If 
U hooks as above specified are used the bond stresses may be 160 lb. per 
sq. in. for plain bars and 200 Ib. per sq. in. for deformed bars. 


28. The shear v in reinforced-concrete beams shall be computed by the 
following formula: 


y 
peed 6 
bjd : ee 
where: 

b — the breadth of the beam, and 

v, V, b, j and d are the same as previously defined. 
Shear reinforcement may be accomplished by 

(a) Vertica] stirrups or web reinforcing bars. 

(b) Inclined stirrups or web reinforcing bars forming an angle 

a 30 deg. or more with the longitudinal bars. 
(c) Longitudinal bars bent up. 


29. Shear reinforcement need not be provided if the unit shear in the 
concrete does not exceed 40 lb. per sq. in. as computed by Formula (6). 


30. Anchorage of all tension reinforcement shall be provided for as 
follows: 
F = uow (7) 
where: 


F = stress in bar 
# = anchored length of bar. 


31. The spacing @ of web reinforcement shall be determined by the 
following formulas: 


For values of a from 45 to 90° 


* 
s; = Ja ; Ay fe ee! (8) 
b (v— .02f,’) sina 
and s 
A, fy (sin a + cos a) 
f= b (v — .02 f.’) 


for values of a less than 45 deg. 


F 
fs 
¢ 
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32. Where both bent up bars and stirrups are used in conjunction 
for web reinforcement, the spacing s of points of bending up of longitudi- 
nal bars shall be determined by moment requirements. ‘The unit shear 
value v, of these bars shall be determined by the formula: 


For values of @ from 45 deg. to 90 deg. 
ee a (10) 
bs sin a 
and for values of @ less than 45 deg. 


Ay f,.(sin @ —= ¢os a) 


a 
bs 


(11) 


33. The spacing of stirrups to take the remaining shear not provided 
for by the concrete and bent up longitudinal bars shall be determined 
from Formulas (8) and (9). 


A, = area of bent up bars in any one plane 
and 
fy = unit working stress of steel. 


(F) Flat Slabs. 


34. Flat slab floors shall be designed by competent engineers accord- Flat Slabs. 
ing to the methods for flat slab design provided in the recommendations of 
the Joint Committee on Concrete and Reinforced-Concrete. In the vast 
majority of cases the girder and slab beam and slab type of floor’ will 
prove most economical because of the light loads on dwelling house floors. 


(G) Columns. 


35, Reinforced-concrete columns shall be of the type known as tied General. 
columns and shall not have a ratio of length to diameter or least cross 
sectional dimension less than 25. The longitudinal reinforcement shall 
be not less than one-half of 1 per cent nor more than 3 per cent of the 
column. The lateral type shall be not less than 4 inch in diameter and 
spaced not more than 8 inches apart. 


36. The carrying capacity of tied columns shall be determined by the Formula. 
following formula: 


P = 400 (A, +n 4, (12) 


in which 


P = the carrying capacity of an axially loaded column 
A, = net area of the concrete 
A, = cross-sectional area of longitudinal steel 


= ratio of modulus of elasticity of steel to that of concrete. 
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(H) Piers and Pilasters. 


37. Where the height of piers and pilasters between lateral supports 
exceeds five times the least lateral dimension, the unit working stresses 
shall be reduced by the following formula: 


L 
f’ = f (1.25 minus ———) (13) 
20 D 
where 
f’ = the reduced allowabie unit stress in pounds per square inch. 
(1) Walls. 


38. Monolithic concrete construction containing not more than 0.2 per 
cent of reinforcement so placed as to reinforce the structure against 
stresses resulting from temperature changes shall be classed as plain con- 
crete construction. ; 


39. All parts of monolithic supporting walls shall be reinforced at 
floor and roof connections and at places subject to concentrated loads, so 
as to resist lateral forces and to distribute the loads to all parts of the 
supporting walls. 


40. Solid bearing walls of cast-in-place concrete need not be reinforced 
except as herein required. 


41. Where reinforcement is provided to assist in carrying loads and 
resisting stresses, the thickness of bearing walls of cast-in-place concrete 
construction may be less than as set forth for bearing walls, provided they 
shall be designed and constructed so as to carry all loads and resist all 
forces without exceeding the unit working stresses prescribed by the Report 
of the Joint Committee or prescribed by this standard as the conditions 


require. 


42. Precast units for construction of concrete dwelling houses shall 
be reinforced where necessary to prevent breakage in handling and erection. 


43. All detail connections shall be of sufficient size and adequately re- 
inforced to transmit all vertical and lateral forces. 


44, Reinforcement in each unit shali be extended in such a manner 
that it may be hooked, looped or otherwise rigidly fastened to the rein- 
forcement in contiguous units, in such a mannér that the resulting struc- 
ture will carry loads and resist stresses as a unit. 


45. Dwelling houses constructed with structural framework support- 
ing floors, roofs and enclosing walls shall be designed in accordance with 


accepted principles of engineering analysis and shall be of sufficient 


strength and rigidity to carry all loads and resist all lateral forces. 
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46. Design computations and methods of construction not provided for 
herein, shall conform to the requirements of the Report of the Joint Com- 
mittee on Concrete and Reinforced Concrete. 


47. The number of stories in dwelling houses having concrete masonry 
walls of the minimum thicknesses herein permitted is limited only by the 
permissible height of the walls. 


48. Unless otherwise provided herein, the height of any wall built of 
concrete masonry shall not exceed twenty times the thickness of such 
walls unless adequately braced by floors or roofs or by masonry piers or 
pilasters or buttresses or masonry cross-walls. 


49. The height of walls as herein regulated shall be measured from 
the top of the foundation wall or from a supporting girder or from the 
foundation supports or other immediate support to the top of the wall 
under consideration. 


50. Foundation walls built of concrete masonry units shall be at 
least as thick as the walls, piers, pilasters and buttresses that they sup- 
port, except that walls required to be in excess of eight inches in thickness 
may be not less than eight inches in thickness above the slope of base- 
ment stairs for a distance of not to exceed ten feet horizontal provided the 
walls above are properly supported. 


51. Where concrete masonry foundation walls serve as cellar or base- 
ment enclosing walls supporting not to exceed five feet of earth pressures, 
the minimum allowable thickness shail be eight inches. Where they serve 
as cellar or basement enclosing walls supporting earth pressures in excess 
of five feet in height, the thickness of these walls shall be increased as 
required for the height of the slope and the nature of the earth supported. 


52. Where concrete masonry foundation walls serve as cellar or base- 
ment walls, (enclosing or otherwise) and do not resist earth pressures, 
they shall be at least as thick as the walls they support provided the clear 
story height of the cellar or basement does not exceed 9 ft. Where the 
clear story height of the cellar or basement exceeds 9 ft., these walls shall 
be at least 2 in. thicker than the walls, piers, pilasters or buttresses they 


support. 


53. For walls more than 35 ft. in height, the minimum allowable 
thickness shall be 8 in. for the uppermost 14 ft. of the wall when reinforced 
by buttresses, pilasters, or masonry cross walls, or stud cross walls securely 
anchored, all of which reinforcements shall be not more than twenty feet 
apart, and when not so reinforced, the minimum allowable thickness shall 
be twelve inches, and shall be: 


12 in. thick for the next lower 28 ft. of the wall, 
16 in. thick for the next lower 36 ft. of the wall. 
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54. For walls not over 35 ft. in height, the minimum allowable thick- 
ness shall be 8 in. for the uppermost 25 ft. in height of the wall when 
reinforced by pilasters, buttresses, or masonry Cross walls, or stud cross 
walls securely anchored, all of which reinforcements shall be not more 
than 25 ft. apart, and when not so reinforced the minimum allowable 
thickness shall be twelve inches, and shall be: - 


12 in. thick for the next lower 15 ft. of the wall. \ 


55. The minimum allowable thickness of the walls may be eight inches 
for the full height of the wall if not exceeding a height of 25 ft. to the 
square of the roof, or 35 ft. to the peak of the gable, provided they are 
reinforced by buttresses, pilasters, masonry cross walls or stud cross walls 
securely anchored not farther apart than 25 ft. Buildings having mansard 
roofs are not to be taken as coming within the regulations of this para- 
graph. 


56. When the foregoing reinforcements are spaced closer together or 
farther apart than 25 ft., the maximum allowable height to which the walls 
may be built shall be computed by the use of the following formula: 


(14) 


h* equals 


where: 


i equals the maximum allowable height of the wall reinforced 
as required 

h equals the height given in the foregoing 

L equals the distance apart of the required reinforcements. 


57. Solid bearing walls of cast-in-place concrete may be two inches 
less in thickness than permitted for walls built of masonry units, but shall 
be not less than six inches in thickness, 


58. Hollow bearing walls of cast-in-place concrete shall have a total 
thickness of materials of the inner and outer walls at least as great as 
herein required for solid bearing walls. 


59. All changes in thicknesses of masonry walls may occur at the level 
of the floor nearest to the height specified except that on stair runs they 
may be carried to the underside of the stair flight above the height a 
which the thickness is required to change. ’ 


IV. CONSTRUCTION. 


60. The quality of concrete masonry units, including the materials of 
which they are made, the strength and weather resistance, and such other 
matters as describe the construction of the masonry units shall be such as 
will conform to the requirements of Committee P-1, of the American Con- 
crete Institute. 
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61. Hollow bearing walls of cast-in-place concrete construction shall 
have the inner and outer walls securely braced together by non-corroding 
wires spaced not farther apart than twelve inches vertically and fifteen 
inches horizontally and properly embedded in the concrete and hooked at the 
ends. Other methods of bracing may be used provided they are sufficiently 
strong to bring the walls into common action. 


62. Reinforcement shall be placed in both the inner and outer walls 
not less than No. 9 wire spaced not to exceed twelve inches vertically. Such 
reinforcement shall be placed at the mid-height of each succeeding hori- 
zontal course. Where the horizontal courses exceed twelve inches in height 
the amount of reinforcement in each horizontal course shall be at least as 
great as here required per foot of height of walls. 


63. Reinforcement shall also be placed in the walls over all openings 
sufficient to carry all loads and prevent cracking but not less than two- 
tenths of one per cent based upon one foot in vertical height of the wall. 


64. All concrete masonry units shall be laid in portland cement mor- 
tar consisting of one part portland cement, to not more than three parts 
by measure of fine aggregate. 


65. All masonry units shall be laid with the vertical joints broken, 
and with all courses thoroughly bonded in the proper manner for the kind 
of unit used. All masonry facing or backing made of concrete masonry 
units shall be bonded to the masonry backing or facing of other masonry 
units with masonry bond in the proper manner for the kind of masonry 
units used, (the use of wall ties shall not be considered as sufficient bond- 
ing where the masonry facing is to be counted in the thickness of the wall, 
pier or pilaster). 


66. Whenever the concrete masonry units are to be covered with 
stucco or plaster, the surfaces to receive the stucco or plaster shall be 
treated so as to insure the dependable attachment of the stucco or plaster. 


67. All bearings on concrete masonry units shall be not less than four 
inches. Where vertical cell construction is used, the load shall be dis- 
tributed by means of metal or masonry bearing plates of sufficient thick- 
ness to distribute the imposed load or the supporting course shall be filled 
with concrete, or other equivalent method of construction shall be used. 


68. Wherever a change occurs in the thickness of walls, piers and 
pilasters made of concrete masonry units, the units shall be laid with a 
sufficient masonry bond at the top of the thicker section, and for hollow 
units laid with the cells vertically unless the longitudinal and cross walls 
of the units are properly superimposed the bearing loads shall be dis- 
tributed upon the wall below by means of masonry or metal bearing loads, 
or the supporting course made of solid units, or solidly filled with con- 
crete, or other equivalent method of construction may be used. 
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69. No wood shall be built into or made a part of any bearing wall 
inade of concrete masonry units except for joist or beam bearing blocks or 
nailing strips not over 1 in. in width by the thickness of the mortar joint, 
provided, however, that wood bearing plates may be built into such walls 
for the purpose of supporting the roof rafters or ceiling joists when the 
distance from the same to the top of the masonry walls does not exceed 
3 feet. : 


Waterproofing. 70. All concrete masonry foundation walls of hollow units shall be 
thoroughly waterproofed on the outside or else made of waterproofed units 
and laid in waterproof mortar, or else the excess ground water shall be 
carried away from the foundation walls by drains. 


DISCUSSION. 


S. C, Hottister.—There are certain phases of this report to which I 
should like to call your attention. One is, that in Section 10, specification 
is made for the use of billet steel concrete reinforcement bars. In Section 
16 the tensile stress in reinforcement bars covers both billet steel bars 
and rail steel bars, rail steel bars not having been provided for in the 
specification for reinforcement. 

The specification for cement, it might be noted, is a specification of 
the American Concrete Institute as well as the American Society for Test- 
ing Materials, and could be referred to as such. 

The whole section, beginning with paragraph 23 and extending through 
paragraph 25, covering the design of beams, is entirely inadequate. In 
the first place, coefficients for bending moment in beams cover only one 
type of beam, that for a beam continuous for two spans; it does not pro- 
vide for beams of one span or more than two spans, or for different con- 
ditions of restraint. In Section 25 there is no provision made for design 
of a T-beam which should be provided for in a reinforced concrete floor. 
The formulas 3 and 4, especially formula 3 in Section 25, are not adequate 
for a standard. 

In paragraph 34 under flat slabs is the statement that flat slab floors 
shall be designed by competent engineers, ete. That is decidedly not a 
specification. ; 

The section on walls, beginning with paragraph 38, refers to the mat- 
ter of temperature reinforcement of two-tenths of 1 per cent in wall con- 
struction. I think this whole scheme of temperature reinforcement has 
long since been exploded. 

There is a decided lack of clarity in the report concerning the matter 
of concrete masonry, as to what constitutes concrete masonry, if it is 
differentiated from cast-in-place concrete or concrete pre-cast units. 

W. A. Siarer.—What section was that? 

Mr. HoLiister.—That relates to the whole report, but it especially 
relates to paragraph 60, for example. 

I should like to call general attention to the fact that there are many 
committees of the Institute who are preparing basic specifications for 
various types of units and various conditions of design. This includes also 
the tentative standard of the Joint Committee on Standard Specifications 
for Concrete and Reinforced Concrete. In a specification of this kind 
which undertakes to group together a number of these basic specifications, 
it would seem to me that it would be far preferable to refer to these basic 
specifications than to undertake to duplicate them in part. It is exceed- 
ingly difficult to extract from this specification and that specification 
only a portion of the basic specification without leaving out very essential 
elements. One way to do would be to leave out the basic specification 
entirely and instead refer to it; as, for instance, in the case of the 
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specification for cement under the heading “Cement.” There are already 
several paragraphs throughout the report which refer to such other basic 
specifications as that of the Joint Committee. It would seem that this 
scheme might be followed even more generally than it is followed in the 
present presentation of the report. 

I wish to call attention also to the section on piers and pilasters, 
paragraph 37. This is a very unusual statement for the design of a pier 
or pilaster. Is should preferably be supported by some data as to what 
this formula was based upon. There is nothing to indicate in the report 
what consideration was given in order to arrive at formula 13. 

Mr. Ferauson.—May I call attention to the fact that paragraph 37. 
standard masonry formulas for determining the allowable stress on 
masonry piers, was taken from standard textbooks. If the books are 
wrong, we will be glad to correct the formulas. I think a great many of 
Mr. Hollister’s suggestions might well be adopted, but I would like to 
leave this with the Institute. In connection with too much repetition of 
reference to other standards—we do not want this report to be just one 
continuous reference to this standard, that standard and the other; let 
the man who is reading not have to go searching to find what part of that 
standard pertains particularly to concrete houses. 

A. ©. Inwin.—Mr. Hollister’s remarks contain many things of merit. 
I am sure, however, that Mr. Hollister has not considered the things that 
the committee has considered in preparing its report. In the first place, 
we are preparing a report for concrete houses and not for a large office 
building or a big warehouse. There is a distinct difference, which we have 
pointed out in our foreword. That explains a good many of the things 
to which Mr. Hollister takes exception. The basic specification mentioned 
by him as being those specifications already adopted by the Institute as 
standard, do not necessarily apply to this report for the reason just 
stated, that this is a report for concrete houses. A small unit) which is 
recognized by the building code committee of the Department of Com- 
merce and by the National Board of Fire Underwriters as being a type of 
structure that requires separate consideration in order that the houses 
evolved shall be economical and not be loaded down with a lot of unnec- 
essary requirements. Therefore we are not in a position to copy exactly 
the standard specifications, even in regard to material; as, for instance, 
ageregates used in concrete, in the construction of a concrete house, do not 
need to come up to the rigid specifications required for an important 
building, so that we cannot copy these specifications completely, and to cut 
in here and there and refer to this serial number and that report of such 
and such committee would make our report a disjointed, disconnected, 
unusable proposition. 

Now with respect to some of the details; Mr. Hollister went so fast 
that it bothered me a good deal to keep up with him. Maybe I will miss 
some of them. In regard to the formulas for the design of beams—I will 
admit that probably we ought to put in a formula for the design of a 
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simple beam, and we are obliged to Mr. Hollister for that suggestion. I 
am not, however, willing to admit that we need to include a detailed 
account of the methods of design of a T-beam in building a house which 
is to be subjected to 30 Ib. per ft. live-load with spans not exceeding 15 or 
16 ft. The attempt at refinement in a case of that kind will not be worth 
the time, and the specifications should be such that they can be used by 
a man who is not specially versed in the method of reinforced-concrete 
design, and the simpler and shorter we can make them the better. And 
that is the principle we have gone on and that is the reason. It was not 
forgotten; that is the reason why we omitted formulas for the design of 
T-beams. 

In regard to flat-slab construction—flaftslab construction is distinctly 

a type of construction applicable to heavy warehouses and not to a small 

‘dwelling house at all; so that instead of passing the thing up entirely, 

we simply put in this paragraph which recites that in case the unusual, 
I would be almost willing to go so far as to say the never-to-be case in 
which a man will want to build a flat-slab design in an ordinary dwelling 
house—we simply point out the fact that this is a type of construction of 
sufficient intricacy as to require an experienced designer to evolve it. 

In regard to temperature reinforcement, par. 38, I call attention to 
the fact that that distinction as between plain concrete and reinforced- 
concrete which we have again repeated, has occurred in no less than four 
specifications that I remember at the present time. It is not anything 
new. It almost by common consent has been agreed upon, tacitly at least 
as being a distinction as between plain and reinforced-concrete. I will be 
interested to know, for my personal information when the use of rein- 
forcement for temperature purposes has been exploded. That is brand 
new news to me. 

In regard to construction, par. 60, Concrete Masonry Units—I can- 
not think of any more definite way to define them than by calling them 
concrete masonry units—a certain number of publications have already 
been put out in which these units are described as concrete masonry units. 
If the convention thinks there is some better term, or if Mr. Hollister can 
suggest a better term to use, I am sure the committee would be very 
glad to have it. 

Mr. Hoister.—Replying first to Mr. Irwin’s general thought on 
the subject—It is true that there are conditions which surround the 
design of a concrete house that are quite different from the conditions sur- 
rounding the design of a larger building. It was not my purpose, at 
least, to eliminate the consideration of such difference. On the other 
hand, when you are designing a concrete house, there are certain things, 
which, as a matter of good engineering principle, and as a matter of good 
understanding of the use of conerete, should be considered. Take, for 
example, the design of a T-beam: If you have a floor slab supported 
directly upon a beam cast with it, it is a T-beam,—it is not a rectangular 
beam and cannot be designed as a rectangular beam. It is not uncommon 
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to use spans of 18 and 20 ft. in residential construction. There is no 
limit to the size of house under these specifications, and an 18- or 20-ft. 
span is not unlikely. An 18- or 20-foot span in T-beam construction 
requires design, and design of T-beam should not, in my opinion, be 
omitted. 

With reference to the section on flat slabs, I call attention specifically 
to the expression “flat slab floors shall be designed by competent engi- 
neers.” I consider that not a good form for specifications. 

Under Section 38 is covered the matter of temperature changes and 
reinforcing against them. If you imbed a steel bar in a concrete member 
and submit the combined unit to a change of temperature, the steel and 
concrete expand very nearly at the same rate; there is some difference in 
certain mixes in the co-efficient of thermal expansion of the concrete from 
the co-efficient of thermal expansion of the steel. Taking the maximum - 
difference of such expansions in a building 200 ft. long, for instance, an 
expansion of 7% ft. would be necessary to develop 16,000 lb. per sq. in. 
in any reinforcement for temperature; that, of course, would require an 
enormous temperature to develop any such thing, and any ordinary tem- 
perature will develop such a small stress in the reinforcement, that is 
relatively negligible. It is true, as Mr. Irwin states, that there are a 
number of specifications that continue to use expressions such as the in- | 
clusion of two-tenths of 1 per cent reinforcement for temperature changes. 
That may be in the specification, but that is not the way that “reinforce- 
ment” acts. { 

Under Section 60, the reference is made to, concrete masonry. This 
occurs also in Section 51 and 52, which begin, “concrete masonry founda- 
tion walls.” It is not clear just what is meant by “concrete masonry 
walls.” It is a question of definition which should be included in the 
report in order to relieve the ambiguity. 

Mr. Frercuson.—Plenty of Mr. Hollister’s suggestions are good. Of 
course we have not attempted to get this work complete. It had to be 
prepared since the first of December because the committee did not get 
to work before that time, owing to the fact that its membership was not 
certain. However, it is perfectly true that many of our proposals will 
have to be scaled down to the question of certain houses as against the 
intricate designs necessary for larger or more voluminous structures. The 
question of T-beam design might well be introduced, and the committee 
will consider those points. The question of design of concrete masonry 
was left out because of the fact that we were afraid if we defined it too 
much in detail, that would be objected to. We will he very glad to pon- 
der over again the question of putting that in. I have written a number 
of building codes myself in which I purposely and by experience left that 
definition clear out because of the fact that when it was in it limited the 
activities of concrete products in masonry. 


REPORT OF COMMITTEE E-8, ON EXPANSION JOINTS IN 
CONCRETE CONSTRUCTION. 


The Committee on Expansion Joints in Concrete Construction submits, 
for the purpose of discussion, the following summary of the problem of 
expansion joints, with a certain amount of information concerning the 
materials usually employed in such work. Typical sections are shown of 
expansion joints of different types. 


The Problem.—Concrete cracks—sometimes it doesn’t. 

Why does it crack?—why doesn’t it crack? 

Does moisture, shrinkage, temperature, freedom to move (unrestrained, 
partially restained or restrained) steel reinforcing, expansion joints, shape, 
size, covering and numerous other factors have anything to do with the 
presence or absence of cracks? If so, what are their relative effects? 

Sometimes it is essential to avoid all cracks. 

Oftentimes it is desirable to avoid all cracks. 

Usualiy it is desirable to avoid all large and unsightly cracks. 

Occasionally it is permissible to allow it to crack or not crack, as it 
pleases. 


Always it 1s essential to avoid the disastrous effects of buckling. 

Expansion joints are expensive, bothersome and usually unsightly. Can 
they be eliminated? 

If they cannot be eliminated how often should they be put in and what 
is the best type of expansion joint to use in each case? 


Force Euxerted by Concrete as Temperature Changes.—A concrete stick 
of 1 sq. in. cross-sectional area (regardless of its length) requires the 
application of a force of 20 lb. to keep it from elongating under a rise of 
temperature of 1 deg. Fahrenheit. Hence a 10x 20-in. concrete strut sub- 
jected to a rise in temperature of 60 deg. will push against a restraint 
(completely preventing its elongation) with a force equal to 20 Ib. & 10 in. 
< 20 in. & 60 deg. = 240,000 Ib. 

The above figures are based on a temperature coefficient for concrete of 
0.000,006,5 a coefficient of elasticity of a little over 3,000,000 and the 
formula, Pressure equals Coeff. of E. times Temp. Coeff. times change in 
temperature in degrees Fahrenheit, (P & HE XX .000,006,5 60). Please 
note that the concrete strut does not contain any reinforcing steel. If it 
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contained 1 per cent reinforcing steel the push will be 261,600 lb. (assum- 
ing # for steel to be about 30,000,000) as per these figures: 


P = 30,000,000  .000,006,5 60 deg. X 1 per cent of 

‘ (10 X 20 in.) = 24,000 Ib. 
P = 3,000,000 X .000,006,5 60 deg. X 99 per cent of 

. (10 X 20 in.) = 237,600 lb. 


261,600 lb. 


Expansion Joints in Concrete——Fundamentally the problem of design- 
ing an expansion joint is that of finding a substance or an arrangement 
of parts that always will keep just filled the gap between the moving con- 
crete parts. In addition structural strength, resistance to displacement, 
tightness and durability are often demanded. 

It is conceivable that a rubber-like substance would do. Perhaps a 
sponge-like compressible flax-straw board, coated with asphalt and in which 
small stones, (bonding dowel-fashion in “the asphalt and the green con- 
crete) are embedded would do. Perhaps some cellulose compound could be 
made to serve. 

The opportunity for invention and discovery to find a substance that 
would do is wide open. So far very little has been accomplished. An 
arrangement of parts, usually sheet metal and a filler, is commonly used. 
Sketches of such, classified according to the conditions they must combat 
are shown elsewhere. 

The sheet metals most frequently used are copper and lead. A com- 
parison of the properties of these two metals seems to indicate that in 
most cases copper is the more suitable. 


Copper: 

Reddish color 

Highly malleable and ductile 

Density varies slightly average value 8.9 

Weight per cubic ft. 556 Ibs. 

Melts at 1981° Fahr. 

When exposed to ordinary air becomes oxidized turning to a black 
color, but the coating is protective and the oxidizing process is not pro- 
gressive as with iron and steel. 

When exposed to moist air containing CO, it becomes coated with 
green basic carbonate. Is also affected by SO,. It resists the action of 
hydrochloric, sulphuric and strong nitric acids at ordinary temperatures 
but is acted upon by dilute nitric acid. 

Cold rolling and drawing greatly increase its tensile properties but re- 
duces its electrical conductivity by from 2 to 4 per cent. 

Commercial electrolytic copper as commonly gotten in the market is 
about 99.9 per cent chemically pure copper. The poorest grades of copper, 
such as casting copper, run about 99 per cent chemically pure copper. 
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Temperature coefficient of expansion per degree Fahrenheit is 
.000,009,22. 

Annealed copper wire has a tensile strength of about 34,000 Ib. per 
sq. in. 

Cold drawing copper to the medium hard stage gives it an ultimate 
tensile strength of about 45,000 lb. per sq. in., to the hard stage about 
55,000 Ib. per sq. in. 

Cast copper ranges in ultimate tensile strength from 20,000 to 30,000 
lb. per sq. in. and has a crushing strength of about 40,000 lb. per sq. in. 

The fracture of forged, rolled or drawn copper is fibrous, with a silky 
lustre. 

An excess of the suboxid of copper Cu,O causes copper to be brittle. 

Annealed copper has no very definite elastic limit and in fact com- 
mences to set (flow under stress) at comparatively low stresses. It also 
has no yield point. Copper of medium or of full hardness behaves differ- 
ently and exhibits a fairly definite elastic limit but no yield point. How- 
ever in the strictest sense of the term, copper probably has no absolutely 
definite elastic limit whatever. 

A conservative value for the elastic limit for copper of all degrees of 
hardness is about 50 per cent of the ultimate. 

The coefficient of elasticity is about 12,000,000 for annealed wire— 
16,000,000 for hard drawn wire. 

Specific heat coefficient ranges from 0.0862 to 0.0928. 

Thermal conductivity at ordinary temperatures in g-cal (cm cube) per 
sec. per deg. cent. is about .72. 

The thickness of cold rolled copper sheets obtainable on the market 
are as per the American (Brown and Sharpe’s) gauge. 

Rolled or forged copper has an ultimate strength of 30,000 lb. per sq. 
in. between 60 deg. and 300 deg. F. The strength decreases rapidly with 
increase of temperature. Electrolytic copper drawn into wire has an ulti- 
mate strength of 47,000 lb. per sq. in. 


Modulus of elasticity of rolled copper — 16,000,000 
Ultimate strength in tension of rolled copper = 28,500 to 33,000 
Modulus of elasticity of copper castings = 12,000,000 
Ultimate strength in tension of copper castings 
= 22,000 lb. per sq. in. 
Flastic strength in tension of copper castings 
= 6000 lb. per sq. in. 
Ordinary working fiber stress of rolled copper in tension = 
8500 for dead-loads 
4300 for live-loads 
The average price of sheet copper is about 25 ct. per pound. 
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Bond of Copper to Concrete-——See Waterworks Handbook, Flinn, P. 
270, 1916, Edition. Tests with 18 oz. copper inside a standard briquette 
1: 2 mix 28 days old gave the following results: 


Pull to 
Pull to bond between 
Type Break concrete - copper and concrete 
Without Copper 240 mb ea ke ia ane eee 
Cleaned Copper 308 “ 364 Ib. 
Uncleaned Copper 346“ ; 431 “ 


About 2 sq. in. of copper was in contact ; adhesion per sq. in. was 
215 lb. with uncleaned copper and 182 lb. with cleaned (Eng. Ree. March 
2, 1912). 

Lead. 

Density is 11.3 

Weight per cu. ft. 706 lb. a. 

Coefficient of expansion per degree Fahrenheit = .0000155 

Lead melts at 625 deg. Fahrenheit 

Thermal conductivity (g-cal per em cube per deg. cent. per sec.) 
= .084 

Temperature coefficient = .00387 

Ultimate tensile strength of rolled lead = 2700 lb. per sq. in. 

Elastic limit tensile strength of rolled lead = 800 Ib. per sq. in. 

Lead dissolves in water to a slight extent, but carbonates or sulfates 
of lime deposited upon it from the water form a film on the surface which 
prevents further action. 

Lead has a low strength, is almost devoid of elasticity, is very plastic 
so that it flows readily under stress. 

The weights per sq. ft. of sheet lead ordinarily rolled are: 

Weight, lb.— 2%, 3, 314, 4, 41%4,-5, 6, 7, 8, 9, 10. 

Thickness, inches—1 /24, 1/20, 1/18, 1/16, 1/14, 1/12, 1/10, 1/9, 1/7, 
9/64, 1/6 and upward. 

Stock rolls average 20 ft. in length. 

The average price of sheet lead is about 12 ct. per pound. 

Several cases of damaging corrosion of lead pipe from contact with 
mortar and cement are known. 

In ordinary atmospheric corrosion lead is one of the most durable of 
the common metals, undergoing no change in dry air or in water perfectly 
free from air; it is only slightly affected by hard waters or dilute solutions 
of either hydrochloric or sulphuric acids; but is readily dissolved by water 
high in nitrates and by dilute nitric acid; waters which actively corrode 
lead are those with a slightly acid reaction, from peaty swamps; soft 
waters are particularly unsuited for conveyance in lead pipes. Lead water 
pipes should be kept full of water all the time to prevent deterioration. 
See Page 617, of Waterworks Hankbook by Flinn, Weston and Bogert. 
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Filler. 
Poured, 
Asphalt, 
Rubber. 
Preformed. 
Elastite. 
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Philip Carey Co., Cincinnati, Ohio. 


Servicised Products, 
Servicised Products Co., 


lst National Bank Bldg. 


Chicago, Ill. 
Aztec Expansion Joint, 


The United States Asphalt Refining Co., 


1108 Conway Bldg., 
Chicago, Ml. 
Minwax, 
Minwax Company, Inc., 
327 So. La Salle Street, 
Chicago, Ill. 


CLASSIFICATION OF EXPANSION JOINTS. 
—9 Classes, 33 Groups— 


Air Pressure, One Side. 
Liquid Pressure, One Side. 


Group A. 
Granular Pressure, One Side. 
Air Pressure, Two Sides. 
Liquid Pressure, Two Sides. 
Group B. 
Granular Pressure, Two Sides. 
No Pressure, Two Sides. 
Group C. No Pressure, Two Sides, Rain 
Tight. 
No Pressure, Two Sides, Wind 
Tight. 


Class Designation, where used. 


APOS—Air Pressure Pipes. 

LPOS—Exterior Tank Walls, 
Tunnel Walls. 

GPOS—Exterior Sand and 
Grain Bin Walls, Tunnel 
Walls. 


APTS—Interior Walls of a 
Multiple Air Main. 

LPTS—Interior Walls of a 
System of Water Tanks. 

GPTS—Interior Walls of 
Multiple Sand or Grain 
Bins. 


NPTS—Viaduct Railings, 
Parapet Walls. 

NPTSRT—Over Sub-sidewalk 
Spaces, Subways, Viaducts, 

NPTSWT-—In Buildings. 


The class designation partially sets forth in an abbreviated form the 
conditions the joint must combat. 
These nine classes of expansion joints form three groups of three 


classes each. 
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Groups A and B demand that the joint have structural strength to 
resist external forces. 

Group C need only have enough strength to endure the stresses caused 
by the to and fro movements of the parts it is between. 

For Groups A and C a pliable bent copper sheet of the usual form 

might be sufficient. 

For Group B, since it is subjected to pressure from both sides, two 
pliable bent copper sheets of the usual form placed thus might 
possibly be adequate. 


A joint can belong to two classes. i.e., Liquid pressure on one side — 


and Granular pressure on the other side. Such a joint is designated 
LPOS, GPOS. 

Classes APOS, APTS, NPTSWT demand that the joint extend around 
the entire periphery (except in some cases, at the bottom). 

The following pages show sections of different types of expansion 
joints, Each type under each class is given a number and the designa- 
tions is APOS No. 1, APOS No. 2, or LPTS No. 1 as the case may be. 

This material is submitted in no way as a complete report, but merely 
as a series of suggestions to put before the membership, in the hope that 
from it will result some discussion, suggestions, and, in particular, in- 
formation based on the experience of the individual designers and construc- 
tors who compose the Institute. The committee has in mind for the con- 
tinuation of the work a brief summary of existing structures and behavior 
of expansion joints so far as the same can be compiled, and we welcome, 
therefore, any data that the members can submit. 


LANGDON PEARCE, 
Chairman. 

R. R. LEFFLER, 
Secretary. 
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ECONOMICAL MANUFACTURING PROCESSES. 


The economical production of concrete products of uniform quality is 
a subject to which little attention has been directed by manufacturers or 
investigators. Exhaustive research work has definitely established the 
laws governing the more important properties of plastic concrete mixtures 
such as are generally used for monolithic concrete structures and concrete 
products of the so-called “wet cast” type. However, little is known re- 
garding the application of these laws to the drier concrete mixtures used 
for tamped machine made products. ; 

For the purpose of obtaining more information upon the factors which 
govern the strength and other properties of the relatively dry concrete 
mixtures members of this committee have carried out considerable experi- 
mental work in products plants. 

The results of these investigations show that in general the funda- 
mental laws governing the properties of plastic concrete mixtures may be 
applied to the drier concrete mixtures used in the commercial manufacture 
of concrete products. 

It is the purpose of this report to point out how these fundamental 
principles may be applied to the manufacture of concrete products so as 
to reduce production costs. 

A study of laboratory and field tests shows that the principal factors 
controlling the quality of concrete are: 


(1) Aggregate. 

(2) Quantity of Cement. 

(3) Quantity of Mixing Water. 
(4) Time of Mixing. 

(5) Curing-age. 


Aggregate.—Products manufacturers as a rule do not know what con- 
stitutes a good aggregate, and are therefore unable to judge the relative 
value of the various available aggregates. 

For maximum strength and durability the aggregate must be clean. 
It should be free from organic impurities * and should not contain more 
than 10 per cent silt by volume. To secure a given strength more cement 
is required with poor aggregate than with good aggregate. 

Other conditions being equal that aggregate having the greatest per- 
centage of coarse particles will make the strongest concrete provided it 
can be satisfactorily handled by the machine. The fine aggregate com- 


Structural Materials Research Laboratory or Vol. 19. 
American Society for Testing Materials Proceedings. 
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monly used produces a smooth appearing product at the sacrifice of 
strength. Such aggregate should be corrected by the addition of coarser 
particles. Coarsely graded aggregates result in products of rough texture. 
Where objection to rough textured products exists manufacturers should 
make a special effort to overcome this objection by educating their cus- 
tomers to appreciate the economies which result through the use of coarsely 
graded aggregate. In certain types of units having thin walls, such as 
tile, it is however essential that the aggregate have a sufficient amount of 
the fine particles to compact the concrete in the thin walls and to prevent 
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GRADING OF AGGREGATES USED IN BUILDING TILE TESTS. 


FIG._1. 


the product from cracking or crumbling upon removal from the machine. 

In a series of tests on building tile made at Cincinnati using a 1: 4 
mix gradings B, E, F and G in Fig. ] gave mixtures best adapted to the 
type of machine used and produced tile of high strength; gradings A, C and 
D gave harsh-working unsatisfactory mixtures resulting in tile of rough 
appearance or relatively low strength. It is recommended that products 
manufacturers try out several gradings of aggregate to determine the 
coarsest grading it is possible for them to use with their particular 
machine. 

The grading of an aggregate is determined by sieve analysis. A con- 
venient measure of the grading of an aggregate is given by the fineness 
modulus.j The fineness modulus is the sum of the percentages of particles 
coarser than each sieve in the sieve analysis divided by 100 when the fol- 
lowing size sieves are used: 100-48-28-14-8-4-3¢-%4-1.5-3.0. 
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Fine drift or beach sand graded to the No. 28 sieve has a fineness 
modulus of approximately 1.50. Medium sand graded up to the No. 8 
sieve has a fineness modulus of approximately 2.50. Coarse sand graded 
to the No. 4 sieve has a fineness modulus of from 3.00 to 3.25. Roofing 
gravel graded from No. 4 to % has a fineness modulus of approximately 
5.50. Pebbles graded from No. 4 to % have a fineness modulus of approxi- 
mately 6.25. Fine and coarse aggregates may be proportioned to give a 
combined aggregate any desired grading. 
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FIG. 2.—EFFECT OF GRADING OF AGGREGATE ON COMPRESSIVE STRENGTH 
OF CONCRETE TILE, 


The effect of grading of aggregate, as measured by fineness modulus, 
on the strength of concrete tile and on concrete brick is shown in Fig. 2 
and 3. It will be noted that as the percentage of coarse aggregate in- 
creased, resulting in a higher fineness modulus, there was a marked in- 
crease in strength, regardless of the mix. Tests show, however, that there 
is a limiting value for the fineness modulus depending upon Glie maximum 
size of the aggregate, proportion of cement, size and shape of product and 
machine used. This maximum value of fineness modulus can only be 


determined by experience. 


+ Refer to Bulletin 1—Structural Materials Research Laboratory. 
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Fig. 2 shows that the same strength was obtained with 1: 5 mix using 
aggregate having a fineness modulus of 4.25 as was obtained with a 1:3 
mix for a fineness modulus of 2.80. Similarly in Fig 3 the same strength 
was obtained in a 1: 9 mix having a fineness modulus of 4.25 as was ob- 
tained for the 1: 5 mix with fineness modulus 2.75. This demonstrates the 
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ric. 3.—COMPRESSION TESTS OF CONCRETE BRICK. 
Sand and Pebble Aggregate, 28 days. 


saving in cement which may be effected through the use of the coarser 
aggregates. This saving may amount to as much as 2 cents for each 
8x8x16-in. block. In a plant producing 300,000 block per year, this means 
$6,000 per year; the interest on $100,000 at 6 per cent. Such a saving 
will easily justify the purchase of better-graded aggregate and the equip- 
ment necessary for handling it. 
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Quantity of Cement.—Fig. 2 and 3 show that for the same grading 
of aggregate substantial increase in strength can be obtained with increase 
in richness of the mix. The results of these and other tests indicate that 
for each 1 per cent of cement that is added there is an increase in strength 
of approximately 1 per cent for the mixtures ordinarily used in the manu- 
facture of concrete products. This will enable the manufacturer to adjust 
proportions to obtain the required strength and also to judge of the rela- 
tive economy of available aggregates. 

Amount of Mixing Water.—Tests show that the strength of concrete 
is influenced to a marked degree by the amount of mixing water used. 
Hither too much or too little water will decrease the strength materially. 
For wet-cast products the highest strength is obtained when the amount 
of mixing water used is reduced to the smallest quantity that will provide 
a workable mix. Such a mix will produce a dense, compact, finished prod- 
uct. without pockets or “honeycombing.” The use of vibrators or other 
mechanical devices will assist in producing such a product with less mix- 
ing water than ordinarily employed. For tamped machine made products 
the highest strength is obtained when the amount of mixing water used 
is increased to a quantity sufficient to provide a workable mix. Worka- 
bility for tamped machine-made products may be determined by compacting 
a ball of concrete with the hands for about 144 minute. Concrete of the 
proper workability will show a thin film of moisture on the surface of 
the ball after this treatment. Another indication of the proper workability 
is the appearance of water marks on the stripped surfaces of the unit. 
The effect. of amount of mixing water on the strength and absorption of 
tamped machine-made biock is shown by the data in the following table: 


TABLE 1. 


Mix 1:5 by volume, aggregate sand and pebbles 375 Fineness modulus. 


Compressive Strength, Absorption, 
. Water, Ib. per sq. in. Per Cent Gain 
Consistency. Ib: per Sack || = | in Weight iafter 
of Cement.* 24 Hours. 


Gross Area. | Net Area. 


Wie terres Sttroanieitipetsd Sie tsk Menem reat cece 59 1125 1908 5.5 
IDES OS ciety Momsieteotencri Reese Pom eer ar MARE 51 1025 1732 5.6 
I Dias Giclee act Bray tee Ree dec a decks ena eee Se 43 917 1550 6.8 


* Includes moisture contained in aggregate. 


The above “wet” consistency produced a product with a distinct water 
web and fulfilled the conditions already described for a workable concrete. 
It will be noted that this consistency gave the highest strength and lowest 
absorption. 

Mixing.—To secure maximum wniform strength of the concrete the 
materials must be thoroughly mixed. Results of tests made at the Struc- 
tural Materials Research Laboratory, Lewis Institute (Proceedings, A.C.1., 


eee Le 
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1918) show that increase in time of mixing materially increases the 
strength and uniformity of the concrete. Fig. 4 shows the relation be- 
tween the time of mixing and the compressive strength at 28 days for 
relative consistencies ranging from 0.90 to 2.00. The driest concrete used 
in these tests (Relative Consistency 0.90) is about the same as that which 
may be employed for tamped machine-made products. For wet-cast prod- 
ucts a consistency of about 1.10 would ordinarily be required. The curves 


COMPRESSIVE STRENGTH LB. PERSQ.1N. 


TIMEOF MIAING INA MINUTES 


FIG. 4.—THE EFFECT OF TIME OF MIXING ON THE COMPRESSIVE STRENGTH 
OF CONCRETES HAVING VARIOUS RELATIVE CONSISTENCIES, AGE 28 DAYS. 


show that substantial increases in strength are obtained from increased 
time of mixing and that greatest increases are obtained for the drier con- 
sistencies. This shows that more benefit is gained by increasing the mixing 
time of drier mixes. Table No. 2 gives the percentage increase in strength 
at 28 days obtained for concrete of relative consistency .90 and 1.10. As 
stated previously these consistencies approach those best suited for dry 
tamp and wet-cast process respectively. It is evident from these data that 
it is desirable to mix at least 2 minutes or longer. The time of mixing 
is calculated after all materials, including water, are in the mixer. In- 
creasing the speed of the mixer does not have much effect on the strength 


: 
F 
= 
= 


a 


ol teh ae) ay 


yaa 


Report oF ComMiItTrer P-6. 639 


of concrete. Consequently nothing will be gained by speeding up the mixer 
in an effort to increase its production. 

Curing—The maximum advantages from the control of aggregates, 
quantity of cement, quantity of mixing water and time of mixing can only 
be secured when the curing conditions are also controlled. Tests show that 
the full strength of the cement is only developed when concrete hardens in 
a warm moist atmosphere. Under such curing conditions the strength at 
28 days will be practically the same for temperatures of from approxi- 
mately 65 to 212 deg. Fahrenheit. But the strength of the concrete at 
from 1 to 7 days is materially increased by hardening at the higher tem- 
peratures. 


TABLE 2.—EFFrEecT oF TIME or MIXING. 


Percentages of strength of concrete mixed 2 minutes: 
Consistency 0.90 for tamped concrete. 
Consistency 1.10 for wet cast concrete. 


Time of Mixing, minutes. 
Relative Consistency. 


M4 M% | 1 2 3 4 | 5 10 
O00 5 tarts oe eee 58 8 75.5 89.4 1000} 105.4] 109.1] 111.2] 1200 
TEKS ae eee Coes mane 78.5 82.6 89.4 100.0 | 107.7] 112.5] 114.5 | 119.3 


TABLE 3.—EFFEcYr OF TEMPERATURE OF THE CURING OF CONCRETE. 


Percentages of strength at 28 days curing at 65° F. 


Temperatures. Degrees Fahrenheit. 


Length of Curing, days. 


65 95 125 212 

Moo Are, Go Se eee See TEN cack ES Eee tears Rear nt a eRe 12 22 30 44 
RB Ss ose SOAS ORO CET 8 eet Lees Ce ICRA OE ERA 21 35 49 59 
OPP ees eet se seo tcsaese cy ete eels Pasay aiiSe th nas he, dyson, avetererer ss 32 44 60 68 
(ho CSCIC ett aR Cree OHcere carer Eee er een 56 68 79 85 
ZEAE acre SS Seis Ere eo eect eha Ora Ueki ttt APNE Eee Re 100 103 109 103 


Above is based on curing in saturated atmosphere. 


As the manufacturer should endeavor to produce products that will 
always pass definite requirements, but with a uniformly minimum margin, 
he must know that the curing conditions are practically the same at every 
season of the year. Such curing conditions are best obtained by providing 
rooms for curing where the amount of heat and moisture can be controlled 
in any desired combination. 

The manufacturer who finds it necessary to deliver products at less 
than 28 days after they are manufactured can be guided by table No. 3 
which shows the strength of products hardened at various temperatures in 
a saturated atmosphere. The strengths are given as percentages of the 
strength of products hardened in saturated atmosphere at 65 deg. Fahren- 
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heit for 28 days. (Data from tests made at Structural Materials Research 
Laboratory. 6x 12 in. cylinders cured in water at various temperatures. ) 


Conclusion.—The recommendations in this report are emphasized be- 
cause the time is not far distant when the manufacturer must take advan- 
tage of every production economy in order to survive the keen competition 
of the more progressive concrete products manufacturers and producers of 
other building materials. 

J. W. LOWELL, Chairman, 
Committee P-6, 


Concrete Products Plant Operation. 
i. W. Dienwart, Secretary. 


The Committee wishes to express its appreciation of the co-operation 
of the following organizations that took part in the investigations referred 


to. in this report: 


Portland Cement Association 

Structural Materials Research Laboratory 

Universal Portland Cement Co. 

Marquette University, Milwaukee, Wis. 

Drexel Institute, Philadelphia, Pa. 

Prairie Concrete Products Co., Prairie du Chien, Wis. 
Wm. H. Devos, Milwaukee, Wis. 

South Philadelphia Builders Supply Co., Philadelphia, Pa. 
Hilker Supply Co., Granite City, Il. 

Stainfield & Nichols Co., Joliet, Il. 


[Discussion of this report is included in the discussion on Products 
Plant Problems, p. 546 of this volume.] 


REPORT OF COMMITTEE E-7, ON WATERPROOFING. 


During the past year Committee E-7 has held two meetings of the 
main committee. The sub-committees, however, have been rather active in 
collecting data and reviewing the literature on the subject of waterproofing 
concrete. As stated in our 1922 report to the Institute, the bases upon 
which the work of the committee would be conducted are as follows: 


(1) That the committee take up the subject of waterproofing from the 
standpoint of performance of materials as determined by tests. 


(2) That the committee consider the method of application of the 
waterproofing material to the structure, to be presented in the form of a 
specification. 


(3) That the committee consider the waterproofing details exclusive 
of structural design and present same in the form of a recommended 
practice. 


(4) That the committee formulate recommended practice for produc- 
ing watertight concrete without the use of integral compounds or mem- 
branous or surface treatments. 


(5) That the committee consider and recommend general principles 
which might control types of waterproofings to be applied to particular 
jobs of construction, same to be presented in the form of a recommended 
practice. 

The present organization of the committee includes the following sub- 


committees: 


Sub-Committee I—Integral Methods and Plaster Coatings 


A. B. Cohen, Chairman 
A. W. Stephens 

D. A. Abrams 

W. A. Freret 

Joseph Rose 


Sub-Committee 2—Penetrative Surface Treatments 
I. H. Berger, Chairman 
A. E, Horn 
M. O. Withey 
J. C. Pearson 
Joseph Rose 
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Sub-Committee 3—Bituminous Coatings and Membrane Systems 
G. L. Lucas, Chairman 
Ernest Ashton 
KE. H. Berger 
C. N. Forrest 
S. R. Church 
Max. Toch 
R. H. Krecker 


Sub-Committee 4—Non-Bituminous Surface Coatings 
Hermann Fougner, Chairman — 
Ernest Ashton 
J. C. Pearson 
A, E. Horn 
J. H. Libberton 


Sub-Committee 5—Waterproof Concrete 
A, W. Stephens, Chairman 
D. A. Abrams 
H. Fougner 


SUB-COMMITTEE 1—INTEGRAL METHODS AND PLASTER COAT- 
INGS.—Sub-Committee 1 has been compiling all the available information 
and data upon the use of inert and chemically active integral compounds 
to waterproof concrete, and also upon the effectiveness of plaster coatings 
with and without the addition of integral compounds as outlined in last 
vear’s report. This work, however, has not progressed sufficiently to war- 
rant any definite recommendations. 


SUB-COMMITTEE 2—PENETRATIVE SURFACE TREATMENTS.— 
As stated in last year’s report the work of Sub-Committee 2 is limited to 
those products which penetrate into the surface of the concrete filling the 
pores and thus rendering the surface impervious to moisture. These com- 
pounds may be inert and owe their effectiveness to their pore or void filling 
properties, or they may react with constituents in the surface treated form- 
ing compounds of greater volume, pore-filling capacity, and more insoluble 
in water. Compounds, the chief value of which depends upon their ability 
to form surface films, are not included. 

During the past year Sub-Committee 2 has been reviewing the litera- 
ture and collecting all available information on the use and value of pene- 
trative surface coatings for waterproofing concrete. Most of the work of 
the sub-committee has been carried on by correspondence, but one meeting 
was held on December 18 at which the work of the past year was sum- 
marized and plans for the coming year made. 

From our review of the literature it was found that a number of mate- 
rials not included in our last year’s report and coming within our scope 
has been used for waterproofing concrete. The information given in the 
literature is very meager and covers chiefly the methods of application and 
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the supposed chemical behavior of these materials when applied to con- 
crete, limestone, and sandstone. Very little data as to the success of these 
treatments was found. , 
The classification of the materials used as penetrative surface treat- 
ments given in our last year’s report has been amplified, as follows: 


(1) Water solutions of inorganic salts which are supposed to react 
chemically with constituents in the concrete. 

(a) Magnesium, Zinc, Lead and Aluminum Fluosilicates—-The fluo- 
silicates are supposed to react chemically with the calcium hydrate and — 
calcium carbonate present in the concrete and to precipitate in the pores 
of the treated surface insoluble fluorides, carbonates, and silicic acid. The 
fluosilicates are sold either in the solid or crystalline form or as water 
solutions containing from 5 to 15 per cent of the salt. The magnesium salt 
is usually used either alone or in combination with the zinc salt. The 
method generally employed for this application is to use three coats or 
treatments and to allow sufficient time between treatments for the complete 
evaporation of the water. In most cases a 5 per cent Solution is used for 
the first treatment and 10 to 15 per cent solutions for the second and third 
treatments respectively. 


(b) Sodiwm Silicate (Water Glass). 
(ec) Zine, Iron and Aluminum Sulphates and Alum. 
(d) Barium and Caleiwm Chlorides. 


(2) Water suspensions of substances or mixtures of substances of a 
pore-filling character or which react chemically with each other or with 
constituents in the concrete and are supposed to form pore-filling com- 
pounds. 

(a) Iron Filings and Ammonium Chloride (Sal Ammoniac) —This 
mixture usually consists of powdered or granulated cast iron with from 
2 to 10 per cent of ammonium chloride. As a surface treatment it is 
mixed with water and several coats are applied by brushing. The reaction 
which takes place ultimately produced iron oxide or england iron oxide 
in the pores of the treated surface. 

(b) Oasein.—A solution in ammonia water of casein alone or mixed with 
other substances is the usual form in which casein is used. The principle 
of the treatment is supposed to depend upon the formation of insoluble 
casein compounds. 

(c) Fuel Oil and Soap.—This treatment consists generally of an 
emulsion of fuel oil and soap in water. 


(3) Soaps. 

(a) Water Solutions of Alkali Soaps.—These usually consist of water 
solutions of the oleic and stearic acid soaps of sodium, potassium, and 
ammonium. They are supposed to react with the lime hydrate in the con- 
crete, forming insoluble water repellent lime soaps. 

(b) Solutions of Metallic Soaps in Volatile Solvents.—These mate- 
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rials consist of calcium, aluminum, magnesium, zine, and iron soaps mixed 
with small amounts of rosin, resins, or fatty oil and dissolved in turpentine 
and petroleum and coal tar distillates. Their value is supposed to depend 
upon the deposition of the soaps in the pores of the concrete upon the 
evaporation of the solvent. 


(4) Combinations of solutions, in two or more applications, which 
are supposed to react chemically with each other in the pores of the con- 
crete, filling them with substances of a water repellent or insoluble char- 
acter. 

(a) Soap Solutions and Inorganic Salts—The well-known Sylvester’s 
process for waterproofing concrete is of this type. It usually consists of 
a solution of 2 oz. of alum in one gallon of water, and a solution of 12 oz. 
of some soap in a gallon of water. The concrete surface is first coated with 
the alum solution and when this has been absorbed the soap solution is 
applied over it. The chemical reaction which takes place results in the 
formation of an aluminum soap. 

(b) Inorganig Salt Solutions—Two treatments of this type have been 
used. The first consists of applying a water solution of sodium sulphate 
or alum to the concrete surface and when it has been absorbed to apply 
over it a solution of barium chloride. In this way insoluble barium sul- 
phate is supposed to be precipitated in the pores. The second consists of 
a similar treatment but using sodium silicate and calcium chloride. 

(c) Sodium Silicate and Acid Solutions.—This treatment consists in 
applying the sodium silicate solution first and when this has been absorbed 
applying a dilute solution of an acid such as hydrochloric, tannic, and 
phosphoric over it. 


(5) Solutions of Liquid and Solid Hydrocarbons. 

These materials consist of heavy petroleum distillates such as lubri- 
cating oil, petrolatum, etc., or paraffin dissolved in volatile solvents such as 
mineral spirits, gasoline, coal tar naphtha, and turpentine. The solutions 
contain from 1 to 15 per cent of solid matter which is supposed to be 
deposited in the pores of the concrete upon the evaporation of the solvent. 


(6) Waxes, Fats and Solid Hydrocarbons Applied Hot. 

This group of materials consists of waxes of various kinds alone or 
combined with fats and fatty oils, fats, and solid hydrocarbons such as 
paraffin and ceresin, which are applied in the molten condition and are 
then driven into the pores by the aid of heat. 

Efforts have been made to obtain information concerning the value and 
effectiveness of penetrative surface treatments from architects and engi- 
neers but with little success. The sub-committee, however, intends to con- 
tinue its efforts along this line and have tentatively agreed upon the fol- 
lowing form of questionnaire to be sent out: 

(1) What has been your experience concerning the permeability of 
concrete in superstructure work? 

(2) If you have had difficulty in obtaining impermeable concrete, 
what methods and materials have you used to overcome it? 
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(3) Have you used penetrative surface treatments for this purpose, 
as magnesium fluosilicate, etc.? If so, what materials have you used, 
how were they applied and with what results? Can you give locations of 
the jobs? 

In view of the apparent lack of dependable information upon the use 
and effectiveness of these materials, the sub-committee has decided to con- 
duct experiments to obtain this data. The exact form which this investi- 
gation will take has not been definitely decided but this will be agreed 
upon shortly. 


SUB-COMMITTEE 3—BIT'UMINOUS COATINGS AND MEMBRA- 
NOUS SYSTEMS.—The work of Sub-Committee 3 has been held up tem- 
porarily until the specifications for waterproofing and dampproofing mate- 
rials now being discussed by Committee D-8, A. S. T. M., have been agreed 
upon. So far the sub-committee has decided upon the various types of 
materials to be considered under the subject of dampproofing and the form 
which the specifications and practice they recommend will take. The mate- 
rials being considered under dampproofing are as follows: 


Dampproofing Materials 
(a) For cold application 
(1) Above ground level 

(a) Paint or solution for stone backing to prevent staining 
of exposed surfaces 

(b) Dampproof coatings for application to the inside of 
exterior walls to prevent staining of plaster 

(c) Primer for use under hot asphalt 

(d) Primer for use under hot coal tar pitch 


(2) Below ground level 

Dampproof coatings for application to the exterior surface 
of walls 
(b) -For hot application 

(1) Above ground level 
(a) Asphalt over primer 
(b) Coal tar pitch over primer 

(2) Below ground level 
(a) Asphalt over primer 
(b) Coal tar pitch over primer 


The form which the specifications and recommended practice will take 
is a follows: : 


1) General information 

(2) Specification for material 

(3) Application 

(a) Preparation of surface 

(b) Method for applying material, equipment, ete. 
(c) Protective covering 
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The sub-committee has considered the section entitled “Tentative 
Standard for Bituminous Waterproofing” in the report of Committee 8-2 
for 1922 and recommends that it be withdrawn from the records of the 
Institute. This tentative standard is not a definite specification but is in 
the nature of a description of the points to be considered in drawing up a 
specification. While the view expressed are in general correct, the informa- 
tion given is not definite enough to be of material assistance to engineers 
and architects. 


SUB-COMMITTEE 4—NON-BITUMINOUS SURFACE COATING.— 
Sub-Committee 4 has held several meetings and early in its discussion it 
was decided that the scope of Sub-Committee 4 would be limited to those 
products which form surface films in counter-distinetion to those which 
have pore-filling but not filming qualities. 

Under the above main division it was decided that the sub-committee 
consider its program under the following -sub-division: 


(1) Cellulose compounds 

(2) Drying and semi-drying oils 

(3) Admixtures with the drying and semi-drying oils of other mate- 
rials for special qualities 

(4) Pigment admixtures with the above—generally called paints 

(5) Solid materials which require heating for application 

(6) Solid materials thrown into solution by solvents of various kinds 

(7) Metallizing processes 


In the past year various authorities have been consulted and data 
investigated to a considerable extent. So far, the sub-committee is able to 
report at this time only sub-divisions 7 and 2 as follows: 


(1) Cellulose Compounds.—The objection to cellulose compounds is 
due to the fact that rapid evaporation of the solvents causes the formation 
of a film with but little penetration. In addition, after years of exposure, 
the film has a tendency to disintegrate and peel. Consequently, success in 
the use of such compounds in the light of present experience is doubtful. 
Tests, however, under way at this time indicate that it may be possible to 
reduce the viscosity and increase the solid content in cellulose compounds. 
Tf this can be accomplished, further experiments are recommended with this 
class of material. 


(2) Drying and Semi-Drying Oils.—Drying oils are those which dry 
by oxidation within a period of a few weeks. In this class would be in- 
cluded such oils as linseed, perilla, sunflower, chinawood, soya bean, ete. 

From the initial investigation, these oils possess value for a considera- 
ble period of time, and where applied to concrete surfaces which have had 
ample opportunity to carbonate will give service equal in every way to 
their similar use on other types of surfaces. 
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Semi-drying oils are those oils which take a considerable period of 
time to oxidize thoroughly. In this class would be included such oils as 
menhaden, shark, herring, whale, etc. 

Since these oils require a considerable period for drying the film re- 
mains tacky, making possible the adhesion of dust particles which become 
a serious objection to their use. 

The sub-committee is continuing the active study of the other sub- 
divisions of its work and expects to have a more complete report by next 
year. 


SUB-COMMITTEE 5—WATERPROOFING CONCRETE.—tThe work 
of this committee is being limited to producing waterproof concrete by a 
combination of portland cement and water with fine and coarse aggregates. 
Concrete in which there is a material other than portland cement and the 
materials ordinarily used as fine and coarse aggregates will not be included 
in the work of the committee. 

While the sub-committee has been collecting data on this subject it 
has no definite recommendations to offer this year. 

The work of Committee H-7 during the past year has been chiefly in 
collecting and compiling data upon the materials and methods now in use 
for waterproofing concrete, and the only definite recommendations it has 
to make are those offered by Sub-Committee 4 concerning the use of cellu- 
lose compounds and drying and semi-drying oils. Some research work has 
been planned by Sub-Committee 2 on Penetrative Surface Treatments, on 
account of the very meager and apparent lack of dependable information 
on these materials. 

The committee has considered the section of the 1922 report of Com- 
mittee S-2, Reinforced-Concrete Highway Bridges and Culverts, on “Water- 
proofing, Expansion and Construction Joints and Drainage.” While this 
report gives general information on the subject of waterproofing, it is so 
indefinite as to be somewhat misleading, and inasmuch as this subject is 
within the scope of Committee E-7 and is being actively studied by it, 
Committee E-7 requests that it be withdrawn from the Standards of the 
Institute. 


EE. H. Bercer, Secretary. 


REPORT OF COMMITTEE C-1, ON CONTRACTOR’S PLANT. 


The purpose of this paper is a general statement of the principles on 
which plant design depends and to give as thorough an exposition of these 
principles as is possible to present at this time, this without any restric- 
tion as to the type of project under consideration, but to illustrate par- 
ticular types of concrete plants applicable to a certain set of given con- 
ditions. There is to be no discussion as to the relative merits of any type 
of equipment as applied to general uses, but rather to consider the use to 
which each particular device may be put so that it will work out to the 
best advantage. 


Plant design involves not merely the question of equipment but also 
of men, and the proper combination and co-ordination of the two. An esti- 
mate sheet may refer to materials and labor but any operation plan which 
does not consider the human element as being of major importance is 
faulty. Our problem properly stated is one of materials and men. An 
effort will be made to show just how these two factors can best be com- 
bined’ to attain the desired results on any concrete structure. 


Construction of any sort is essentially a manufacturing proposition 
and the elements which enter into the design and layout of machinery in 
a fixed manufacturing plant are the same as those which enter into the 
design and layout of a plant for construction purposes,—with this differ- 
ence—plant on a construction job is temporary and the ease of dismantling 
is to be considered as much as the cost of erection. Just as in the factory 
we have to take raw materials or their derivatives and change into the 
finished product, so on any piece of construction work we are to convert 
various materials into roads, bridges, dams or buildings of the quality 
desired and specified with the requisite speed and at a cost which is to be 
reasonable and just. There may be exceptions to this general rule where 
political or financial considerations take precedence over those stated but 
such jobs are luckily few and far between. 


Knowing then these considerations entering into any construction work 
it is next necessary to obtain certain preliminary information and also, to 
carefully weigh various matters having to do with the efficient operation 
of the plant. We will endeavor to outline all these items and to show the 
influence exerted by each in making a proper design. We will give illus- 
trations of various plants showing the application of the principles enu- 
merated and how they fitted in with conditions which were found at the 
start of the job and how well they aided in the completion of the project 
as originally planned and scheduled. 
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The items entering into such a study have for convenience and refer- 
ence been outlined in the form of tables, An analysis consists of two dis- 
tinct steps which are separated as shown in the two tables attached: 


Table “A”—Information desired, and 

Table “B”—The various points to be considered in detail before mak- 
ing final decision on plant, with the various sub-headings 
under each of these major sub-divisions as shown in the 
outline. 


TABLE “A”—INFORMATION DESIRED 

steel 

lumber, brick and tile 
cement 

sand and gravel 


1. Quantity materials needed—general 


2. Source raw materials or derivatives. 
3. Location of these materials in finished structure. 
4, Methods of transportation available. 


5. Methods of handling that are available. 
traffic conditions 
6. Space available—storage weather conditions 
labor conditions 
7. Power available. 


8. Layout of ground. 
9. Probable weather conditions. 


10. Probable labor conditions. 

Sequence of work 
Relation to other work 
Finished floors 

Size sections 


11. Special consideration 


A - - - As previously outlined, the first step involved in design of 
plant is to obtain necessary information either from the engineer and 
owner, from plans or from a survey of the property and surroundings as 
they exist previous to the start of the proposed improvement. 


1 - - - The first information necessary is the quantity and grade of 
each material entering into the finished project and in general consists of 
steel, lumber, cement, sand, gravel or stone, brick and tile. ‘The quantities 
are necessary in order to determine how much storage space is necessary, 
the relative importance of each to the job, and also, in order to determine 
whether large or small scale production methods may be used,—in other 
words, how much may be economically expended on plant to save a certain 
amount per unit of material in handling. It is necessary to know the 
quality of material to be used so that methods of handling may be devised 
which will not be detrimental. 
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9 . - - The second item of information necessary is the source of raw 
materials or their derivatives. In being changed from their natural state 
to their condition in the finished work materials may undergo several oper- 
ations. Whether these operations are performed by the builder or by the 
dealers previously handling the material depends largely on the size of 
the job and its accessibility. For instance, the savings on a large job, 
difficult of access and convenient to materials in their natural state would 
pay for the installation of machinery necessary to carry out the operations 
necessary to make all the transformations. On the other hand, a small 
job located centrally in a town would only justify the buying of materials 
in as nearly a finished state as possible from the nearest dealer. Between 
these two extremes lie many cases where a compromise must be made, the 
nature of which depends entirely on a close study of each individual case. 


g - - - It is necessary to know the location of all the materials in the 
finished structure. We may then lay out the plant and attendant storage 
so that each operation involving motion, places material more convenient 
for its final incorporation into the finished job. In this way handling may 
be done more easily and economically and also storage space may be con- 
served by placing all materials so that they will not interfere with the 
movement of other material which must reach their place in the structure 
at an earlier date. 


4 - - - Closely allied to the points previously given are the methods of 
transportation available in any given section. It is necessary, for instance, 
to know whether freight cars, auto trucks, scows or other means are avail- 
able, whether the job justifies it and if not, what other arrangement can 
be made by which material will be moved another step nearer its final 
place. 


5. - - With methods of transportation also goes the mechanical means 
available for handling material as it is useless to consider transportation 
methods without considering also how materials are to be loaded and 
unloaded. Naturally on small jobs mechanical methods of handling can- 
not be considered except in certain special cases where someone else may 
have equipment installed which would otherwise be idle and will perform 
the service quite cheaply on that account. 


6 - - - No decision on methods of handling materials can be properly 
made without a survey of the site and surrounding features. A study of 
contours and occurrence of water is of special importance as the slope of 
the ground may, to a considerable extent, determine the design of the plant 
since all grades should be used to advantage. Water must be particularly 
considered where a tunnel or a mixer and tower pit is planned on and 
means must be devised to overcome this handicap with as little expense 
as possible, both in installation and operation, The extent of available 
storage space often determines methods since it will determine the size of 
lots in which material may be received. 
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7 - - - Power if available near the site, must be carefully investigated 
and all conditions applying thereto looked into to determine source for 
use on the job. Local rules of power companies as to types of motors to 
be used, etc., may often cause rejection of the most apparent source. Water 
also should be looked up at the same time. 


8 - - - In case the builder is not familiar with the district where the 
construction is to take place it will be necessary to study the probable 
weather conditions during the course of the job. Where a job is to go 
ahead during the winter when cold and bad weather is probable the plant 
‘ should be laid out so as to take advantage of every day not of extreme 
severity. This may be done by compacting the layout so protection is 
afforded to practically all the men required to operate. A balance must be 
struck here, however, between the inefficiency of the workmen under these 
conditions and the cost of a shutdown with attendant loss on overhead 
and lengthening of the job. Plants should also be designed larger for 
winter work than in summer in order to keep nearer to summer speed by 
accomplishing more on the fewer good days. 


9 - - - Probable labor conditions during the course of the job must also 
be looked up. With low priced labor of the pick and shovel variety, less 
money may be spent on plant. If, however, labor is scarce and therefore 
high priced and independent, plant must be designed to eliminate all hard 
work and also as many men as possible. The attitude taken by various 
labor men in some sections may also influence a decision on certain types 
of equipment. 


10 - - - Special considerations may be called for by plans and specifics- 
tions in some jobs or may be desirable due to requirements of the archi- 
tect, engineer or other interested party. Sequence of work may be required, 
relation to other work may be specified or structural conditions may be 
such as to materially effect plant particularly as to capacity. As an 
example, a specification calling for grit in monolithic finish floors demands 
a larger plant and an arrangement for handling and storing this material 
convenient to mixer. A large plant is then also required so that concrete 
may be completed earlier, finish put down and excessive overtime avoided 
on troweling. Size of concrete structural sections determines size of aggre- 
gate that may be used and, therefore, to a certain extent the size and 
design of plant. Small sections cannot be poured as rapidly as larger, 
therefore, a smaller plant may be installed. 

The second study is summarized in Table “B” following, with the 
various sub-headings and the successive steps in analysis as follows: 


652 REPORT OF COMMITTEE C-1. 


TABLE “B”—POINTS TO BE CONSIDERED in detail before making final 
decision on plant. 
first cost, 
salvage, interest 
1. Costs of various installations Installation and removal 
; Maintenance 
| Operation 


Rental 


Weather 

Labor 

Traffic conditions 
Convenience heating 


2. Reserve supply 


cold 


3. Convenience in weather protection eae 


4. Few bottleneck equipments to avoid conjestion or to replace in 
case of breakdown. 


5. Accessibility for repairs. 

6. Co-ordination balancing all facilities. 

7. Uniformity of mix. 

8. Proportioning. 

9. Location so as to reach all parts work with all materials. 


B - - - After the special information applying to each particular job 
has been compiled from various sources the other considerations which 
apply to all contracts must be weighed before a definite decision on plant 
can be made as follows: 


1 - - - The total cost of each possible installation must be balanced 
against the savings in handling various units of material. This cost con- 
sists of rental, installation and removal, maintenance and operation. 


2 - - - Reserve supply necessary is determined by weather, labor and 
traffic conditions, also in some cases, by convenience in heating. Enough 
material should be stored so that any temporary interference in line of 
communications whether by traffic, weather or labor conditions will not 
cause a job tie-up before adverse conditions can be remedied. 


8 - - - Convenience in weather protection of plant whether from cold 
or rain has already been well covered. This study involves a balancing of 
the cost of a day lost against higher unit costs of working under protec- 
tion. It is also necessary that materials themselves may be so compactly 
stored as to be easily protected and heated. 


4 - - - By avoidance of bottlenecks is meant a layout such that if any 
man or appliance cannot function, progress on the job will not be impeded. 
In case of machinery which by necessity occupies such a critical position 


g 
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on the job as to cause an entire shutdown in case of failure, it is well to 
inspect frequently, provide spare parts if practicable, ascertain where re- 
pairs may be quickly made, and also, arrange an alternate so that job may 
carry on at a higher unit cost temporarily. As to men, it is well to have 
as few as possible that are absolutely essential to the proper conduct of 
a job. Should this, however, prove unavoidable arrangements must be 
made to train another to serve in an emergency so as not to delay work. 


5 - - - All machinery should be so placed that in case of a failure every 
part is accessible for repairs or in a smash that the whole machine can be 
removed. 


6 - - - By co-ordination is meant the balancing of all facilities for 
handling materials so that they will all carry on the job at the speed 
planned on. For example, it is useless to have a mixer and gang capable 
of turning out twenty yards an hour unless supply and reserve give us that 
quantity or that twenty yards can be taken away from the machine per 
hour. Only in case of varying demands being made on a machine or gang 
should either be larger than the normal. This condition, however, often 
occurs in the receipt of materials on a job due to supply not being con- 
stant. As a rule, plant should be larger than desired rather than run 
the risk of not being adequate. 


7 - - - In order to secure uniformity of mix, it is necessary to start at 
source of material and so arrange handling that it will not be segregated 
but rather better mixed than when received. Raveling may be minimized 
by proper handling. 


8 - - - Proper proportioning is more easily attained by careful planning 
of plant at the start of a job than by any other method. In fact, it is 
often impracticable later to make a change in handling. By arranging 
facilities so that space and headroom is left for measuring boxes we can 
guarantee that mix is being turned out as intended. This may mean a 
saving in materials, at least the results are known and not approximated. 


9 - - - Layout of plant so as to deliver to all parts of the work is par- 
ticularly desirable in the cases of those jobs covering a large area. Both 
work and layout must be considered so that at every step materials may 
go forward as desired and no recent work, other material, or interruption 
in supply interfere. 


Conclusions.—We have now reached the point where, having obtained 
necessary information and having in mind the various points to be con- 
sidered we are ready to proceed to the actual design of plant. To do this 
intelligently it is necessary to trace all materials from source to final 
place in job, estimate all handling costs whether these be of material, 
labor, or the various plant charges and balance the advantages and cost of 
each method of handling against those of the other. Some must be approx- 
imated from previous experiences as this is the only source of information. 


i} 
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If at all possible, crude methods should be discarded no matter if they 
show up better because of effect on the morale and the workmanship as 
this is by no means a negligible factor. 

Since this is to be a general paper and to apply to all concrete con- 
struction whether of roads, dams, piers, or buildings, it is necessarily 
couched in general terms. Also, in making the exposition on handling 
materials we must limit ourselves to the receipt of the material on the 
job since we could not consider such a broad scope as would involve quarry- 
ing of rock, crushing of stone, -etc., although these processes may be car- 
ried out on comparatively small jobs. It is assumed, however, that any 
plant study to be complete must go back further than indicated in this 
paper. 

Material, is usually brought on a job by freight or industrial cars, 
scows, trucks or for special cases, on cableways. From the point of receipt 
there are usually three operations,—lst, conveyance to storage,—2nd, from 
storage to mixer and,—3rd, mixer to place of deposit in the structure. A 
diagram attached will show relation of each of these operations to a variety 
of machinery generally used for this purpose.. Hach operation may or may 
not involve the use of both equipment and men. It is highly advantageous 
to make a close study right here in order to, if possible, omit one or more 
of these operations on as large a volume of material as possible in order 
to cut costs. We will recommend various short cuts in operation as we 
proceed with the discussion. 

In receiving by scows or freight cars we are confining ourselves to 
such cases as are landed close enough to be handled into storage without 
trucking. Scows and freight cars of aggregate are generally unloaded by 
grab bucket although some jobs may be large enough for the use of bot- 
tom dump cars on a trestle. In using a grab bucket, if possible, layout 
so that point of receiving and center of bin over mixer is on the same 
circle of circumference, this to avoid booming of derrick. It is also very 
often possible to handle materials direct to mixer thus saving Operation 
No. 2. 

Industrial cars are often used on road jobs and may carry loose aggre- 
gate, or batch boxes to be unloaded by a crane or derrick. 

Trucks may carry the batch boxes or loose aggregate. Those with 
loose aggregate may be backed upon a planked runway or trestle over a 
tunnel which will facilitate the second operation. Contour of ground will 
often favor this method. 

Cableways will handle into storage in a manner similar to grab 


buckets. Scrapers may sometimes be used to pile aggregate over a tunnel 
or against a bulkhead. 


RECEIVING - - - OPERATION No. 1—on lumber and steel may in- 
volve crane or derrick on large jobs. Cement may be handled by traveling 
belt conveyor, roller conveyor, derrick or by hand wheeling. 

The tryout to be made by one of the railroads of unit containers for 
handling brick may revolutionize methods by using the same container for 
a number of brick from kiln to floor where used. 


Revorr or Commirreet C-1. 655 
HANDLING - - - OPERATION No. 2—may be carried out as far as 
aggregates are concerned by industrial cars particularly in the case of 
tunnel under storage pile mentioned under Operation No. 1. A steam 
shovel or travelling crane may be used where storage covers more ground 
than may be reached by a stationary derrick. In some cases storage 
directly over a mixer may be filled by belts or buckets from a boot into 
which trucks dump; thus eliminating Operation No. 2. 

Where conditions are unfavorable to machinery, hand shoveling into 
barrows or carts may be used. Even here, a close time study is necessary 
to show which method is preferable. Cement in Operation No. 2 is handled 
by belts, derricks or by hand similar to Operation No. 1. 

With other materials Operation No. 2 is omitted. 


PLACING - - - OPERATION No. 3—covering the handling of wet con- 
crete from mixer to place may employ a great variety of mechanical devices 


but consists essentially of elevating or lowering and transportation. In 
Equipment Used. 
Material Received 
an Operation No. 1, Operation No. 2, Operation No. 3, 
Receiving. Handling. Handling and Placing. 
Freight Cars. ... | | Grab Bucket. . Industrial Cars. 
Trucksty2 ss Industrial Cars..... ) 
Cableways..... Trucks.... . Ef 
Industrial Cars.. | | Crane......... Cranes rae cree 5 Cableways. . 
Grab Bucket... TADCRS. -\chs.e Ee 
J Belt Conveyor.. | Derncks cocseee ou 
Scowsiy ateecun- + | Belt Conveyor } Storage Derrick: =. Mixer | Belt Conveyors..... { To Plare 
Buckétsasce- see Chutesi 3 yan 
° Buggy. Tower (one or more) 
MFUCKS Xs acco: Bucketis.5).0.0 Barrowsncte.. Bugryeiscacace er 
Serapers....... Batrowscccn ccs ne 
Steam Shovel . . 
Cableways...... | | Serapers...... 


larger buildings compactly built it generally consists of stationary mixer, 
tower and bucket with chutes or buggies for distribution. In buildings 
covering a large area or small buildings requiring low plant expenditure 
it may involve only.a small mixer with a pole or tower with bucket both 
of which may be movable or stationary. The mixer itself may be mounted 
on a tower and fed by a skip, the tower being on rollers and readily moved 
along as the work progresses. Mixer and attendant derrick are sometimes 
mounted on auto chassis or caterpillars to secure greater mobility. 

On large jobs covering a great area there is often a choice to be 
made between several unit plant installations or having one large central 
plant distributing concrete to various parts by cars or by chuting from 
top of one tower to base of another, etc. 

In construction of concrete bridges floating equipment on which all 
three operations may be carried out may be used—the derrick for receiv- 
ing, mixer with overhead hopper, cement shed with belt, tower and chutes 
all on the same barge. 
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On dams and piers it is possible to use cableways, industrial cars, flat 
cars in conjunction with derricks and cranes, belts and also towers and 
chutes. 

On roads and pavements the mixer is usually movable and chutes or 
bucket are used to convey concrete directly into place. 

For materials other than wet concrete the usual procedure is to so 
arrange the concrete plant that these materials can be handled with the 
tower equipment and at the same time, unless the job is of such a size as 
to require hand handling. Niggerheads on hoists with booms on towers or 
separate gin poles, travelling derricks, etce., will handle steel or lumber. 
Brick and tile will be handled by a hod hoist* or by a platform in the con- 
crete tower. 

In special cases there will be other materials than those mentioned 
which will require attention in laying out. It is rarely indeed that a plant 
used on one job can be economically duplicated on another even though 
the jobs themselves are similar. A change in anticipated labor or weather 
conditions may force a material change in plans. 

In designing, however, when at a loss to make a decision on the best 
method of handling it is well many times to come back to the original 
proposition: material is to go from source to its final place in the work as 
a geometrical proposition—a straight line is the shortest distance between 
two points. Modifications are naturally necessary but these may be made 
by judging the relative importance of the various materials entering into 
the structure and decision rendered accordingly. 


4 - - - Exhibition of slides showing various plants and pointing out the 
application of principles previously given will be made at the time of sub- 
mitting report. , 
(Signed) JoHun G. AHLERS, Chairman. 
(Signed) W. F. Locknarpr, Secretary. 
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REPORT OF COMMITTEE P-4, ON CONCRETE STAVES. 


The tentative specifications and building regulations for concrete 
staves, presented in this report, constitute the work of Committee P-4. 
These specifications are based on a study of the structural requirements 
of staves when used in the construction of silos, grain tanks, coal pockets 
and other buildings. They are also based on data secured from a compre- 
hensive series of tests in which staves were supplied by representative 
manufacturers from different sections of the country; each manufacturer 
submitting six specimens representing his ordinary commercial product. 
The Committee wishes to make grateful acknowledgment for the assistance 
rendered by officials of the Structural Materials Research Laboratory of 
Lewis Institute, who made the tests and directed the test program. 
Acknowledgment is also made to the National Concrete Stave Silo Associa- 
tion and the various stave manufacturers who co-operated in these tests. 
Other tests made prior to the past year also furnished data used in the 
formulation of the proposed specifications. Special acknowledgment is made 
for the valuable data secured from the comprehensive series of tests made 
in the Peoria, Ill., plant of the Michigan Silo Co. 

A brief summary of the results of the tests made at the Structural 
Materials Research Laboratory, Lewis Institute, are presented in Tables 
I and IJ. Table I gives information regarding the methods and materials 
employed in the manufacture of the staves. Table II gives some of the 
results of the absorption and strength tests. 

The transverse tests were made in a 40,000-lb. Riehle universal test- 
ing machine when the staves were 28 days old. The staves were tested 
flat and were supported at one end by a %-in. round bar and at the other 
end by a small spherical bearing block; the distance between supports 
being exactly 24 in. The load was applied at mid-span through a spher- 
ical bearing block. Metal plates 234 in. square, shimmed with leather, 
were placed between the concrete and the supports and the loading block. 

Compression tests were made on specimens cut from half staves after 
the transverse test; each being about 7 in. in height by 5 in. long and 
2% in. thick. The load was applied parallel to the 7 in. dimension. The 
ends of the specimens were capped with a mixture of portland cement and 
gypsum to insure an even distribution of the load which was applied 
through a spherical bearing block placed on top of the specimen. On ac- 
count of the time required to chisel out the specimens, there was some 
variation in their age when tested, which ranged from 31 to 38 days. 

Absorption tests were made on sections cut from half staves. The 
area of the largest face of each specimen was about 100 square inches. 
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The specimens were dried to constant weight and immersed in water at 
room temperature for the following periods: 3 minutes, 1, 3, 6, 24, and 
48 hours. They were then surface dried with a towel. The increase in 
weight expressed as the percentage of the dry weight is the absorption. 

A high transverse strength and a low absorption are highly desirable 
qualities in concrete staves. The transverse test indicates the ability of 
the stave to resist the outward pressure imposed upon it between the re- 
inforcing hoops of silos, grain tanks, coal pockets and other circular struc- 
tures used for storage purposes. A low absorption is important as it is a 
measure of the watertightness of the stave. 

The compressive strength indicates the ability of the stave to resist 
forces which tend to crush it. When used in coal pocket or grain tank 
construction, the stave walls of the bins sometimes subjected to moderately 
heavy loads due to the weight of the head house sheltering the conveying 
equipment. In silos of moderate size, the load on the staves, due to the 
weight of the structure, is comparatively low. Staves that meet the re- 


Tasie I.—MIsceLtuANrgous Data or ConcrRETE TEST STAVES 


Aggregate. 
Proces Method of | , 

aa of Tacs Tamping or Mix. Ki ihe of Te of Mee of 

0. Sallie ing: "ineness . ixing. ixer. uring. 
facture. ibrating Modulus | Size. 

Sy z 414-114 2.94* 0-4 . Steam, 48 hrs. 
7142 Tamped | Machine | 1:114:114 { 4.274 30-4 3 min. | Batch { Sprinkled 10:days 
7125 Cast Vibrated | 1:3 { 5 ge : 5 iy 4 min. } Batch 
7112 Cast Vibrated | 1:5 3.69 0-%% 2min.| Batch | Steam, 24 hrs. 
7080 Tamped | Machine | 1:3 2°32 0-16 1min.| Batch | Sprinkled 10 days 
7109 Tamped | Machine | 1:4 2 72 0-16 2min.| Batch | Sprinkled 7 days 
7107 Tamped | Machine | 1:3 2.84 0-8 3 min.} Batch | Sprinkled 
7123 Tamped | Hand Le 2.94 0-8 4min.| Batch | Steam, 48 hrs. 


* Fine aggregate. 
+ Coarse aggregate 


TasBLe I].—DatTa or ABSORPTION AND STRENGTH TrEsts or CONCRETE 


STAVES 
Dimensions Transverse Strength Compressive Absorption 
of Staves, at 28 Days, Strength, after 48 Hours, 
hor in. Ib. per in. of Width. Ib. per sq. in. per cent. 
No pa eeeerneees we Pee 
Lengil:| Wiath! Thick- Average Average Average 


ness, | High. | Low. | of Lot. | High. | Low. | of Lot, | High. | Low. of Lot. 


2.55 | 128 98 111.0 | 3024 | 1870 | 2410 2.8| 2.3 2.6 
7125 36 | 11.7 2.70 | 98 71 89.0 | 2320 | 1650 | 2050 5.2] 3.1 4.4 
7112 30 | 12 1.85 | 58.5} 54.0) 57.0 | 1090} 570 800 6.9.]° 5.7 6.4 
7080 30 9.9 2.6 57 42 49.0 | 2980 } 2230 | 2540 7.3) 3.3 49 
7109 30 9.7 2.5 83 70 76.0 | 2260 | 1650 | 1900 4.4] 3.3 3.7 
7107 3 10 0 2.5 | 154 115 128 0 | 4350 | 3040 | 3620 3.2] 2.4 2.8 
7123 30 | 10.05} 2.5 | 100 80 92.0 | 2800 | 1220 | 1680 4.9] 3.7 4.2 


| 
) 
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quirements for transverse strength will have sufficient compressive strength 
to sustain the loads imposed upon them. In view of this fact the com- 
mittee decided not to include a compressive strength requirement in the 
specifications, There is also some difficulty in making a compressive 
strength test on account of the size and shape of the stave and the test on 
a section cut out from the stave may not always be representative of its 
quality. In preparing the following specifications the committee realized 
the advantage of requiring strength tests that could be made in the aver- 
age plant. Such tests are of inestimable value in regulating manufactur- 
ing processes to improve the quality of products or to lower production 
costs or both. 


General 


Tests. 


Transverse 
Strength. 


Absorption. 


Transverse Test. 


Vertical Loading. 


Lateral Loading. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS AND BUILDING 
REGULATIONS FOR CONCRETE STAVES.* 


Submitted, 1924, by Committee P-4, on Concrete Staves. 


1. Concrete staves meeting the requirements of the following specifi- 
cations may be used in the construction of silos, coal pockets, corn cribs, 
grain bins and other structures for which these units are suitable. 


2. Concrete staves must be subjected to transverse and absorption 
tests. All official tests must be made in a testing laboratory of recognized 
standing. Six samples representing the ordinary commercial product se- 
lected at random from stock must be provided for the purpose of testing. 


3. The ultimate transverse load on the test staves at 28 days must 
average not less than 90 Ib. with no test falling below 75 lb. for each 
inch of width of the stave. 


4, The absorption at 28 days must not in any case exceed 6 per cent. 


5. The transverse test shall be made as follows: The sample to be 
tested shall be placed flatwise in the testing machine and supported at 
one end on a %-in. round rod and at the other end by a spherical bearing 
bléck using a steel plate two inches wide and of sufficient stiffness to prop- 
erly distribute the load between concrete and load point. The distance 
between points of support shall be exactly 24 inches. The load shall be 
appled at mid-span through a spherical bearing block. 


6. In the absorption tests the samples shall be first thoroughly dried 
to a constant weight at a temperature not to exceed 230 deg. Fahrenheit. 
After drying, the sample shall be completely submerged in clean water at 
a temperature of between 60 and 80 deg. Fahrenheit for a period of 48 
hours. The specimen shall then be removed, the surface water wiped off, 
and the sample reweighed. The percentage absorption is the weight of the 
water absorbed divided by the weight of the dry specimen and the quotient 
multiplied by 100. 


9. The load on any concrete stave wall, including the superimposed 
weight of the wall, shall not exceed 200 lb. per square inch. 

10. Silos, grain tanks, coal pockets, corn cribs, ete., constructed of 
concrete staves shall be hooped with steel rods or bands of such cross sec- 
tional area at the root of the thread in case of rods with cut threads 
that the steel will not be stressed to exceed 16,000 1b. per sq. in,, and the 
hoops shall be placed at such intervals that the staves will not be loaded 
to exceed 25 per cent of their average transverse strength. 

*Adopted as Tentative Standard, Annual Convention, February 26, 1924. 
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REPORT OF COMMITTEE P-1, ON STANDARD BUILDING UNITS. 


Your Committee P-1, Standard Building Units, herewith submits its 
report. 


Proposed Standard Specifications for Concrete Building Block and 
Concrete Building Tile—Your committee has very carefully considered 
these specifications and also the suggestions made by various persons in- 
terested in the subject. As the result of the committee’s deliberations, we 
recommend that the use of letters “A-B-C-D” to designate the various 
classifications of block and tile, be eliminated. Also that the former Class 
C light load-bearing block or tile be eliminated from the specifications and 
only the following classifications by word be considered, namely, “heavy 
load-bearing,” “load-bearing” and “non-load-bearing” block or tile. 

The revised draft of the specifications is attached hereto as exhibit A: 


We recommend that the revised specifications for block and tile be 
continued as a tentative standard specification for another year.* 


Proposed Standard Specifications of Concrete Brick—Your committee 
desires to report that the unit weight of concrete, 140 lb. per cu. ft., sec- 
tion 5 under the sub-heading of “Absorption Requirements,” be changed 
from 140 lb. per cu. ft. to 125 lb. per cubic foot. This recommendation is 
made due to the fact that a study of the weights of many specimens of 
concrete brick shows that the unit weight of concrete in brick is lower than 
the unit weight of concrete in block or tile. When this committee made 
the recommendation of 140 lb., it had no data on which to base its con- 
clusions for brick and the revised figure has been determined by actual 
tests of the weight of concrete brick. This committee, therefore, recom- 
mends that the proposed standard specifications for concrete brick, with 
this change, be continued as tentative for another year.+ 

A revised draft of specifications is shown herewith as exhibit B: 


Standardized Sizes.—A sub-committee was appointed consisting of H. 
A. Davis, Newton D. Benson, C. E. Lindsley, J. A. Ferguson, W. W. Plumb, 
J. H. McClatchy and J. W. Ochmann, which committee in joint meeting 
held June 21, 1923, at Washington, D. C., under the auspices of the De- 
partment of Commerce and Chamber of Commerce of the United States of 
America, considered the matter of standardization sizes very carefully and 
as a result of the sub-committee’s work and this committee’s deliberations, 
we recommend that sizes of block, tile and brick be:* 


*The specifications were accepted as tentative, Feb. 26, 1924. 
+The specifications were continued as tentative, Feb. 26, 1924, 
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Standard Sizes for Concrete Block: 


Height Width Length 
75% in. 6 in. 155% in. 
7% “ce 8 ee 15% ee 
7% “e 10 ce P 15% iis 
7% “ Zar 155, “ 
Standard Sizes for Concrete Building Tile: 
Height Width Length 
5 in, 3% In. 12 in. 
Bf ane ie re ae 
oe WAR ret le 


Standard Sizes for Conerete Brick: 


RovucH 
Height Width Length 
21% in, 3% in. 8 in. 
SMOOTH 
21 in. 3% in. 8 in. 


The height, width and length of these block are taken on the block, 
tile or brick as they are laid in a wall. 
We wish to emphasize that these are net dimensions, not nominal 


dimensions. It will be observed that the joint allowance in block is % in. 


Forms for Reporting Tests for Concrete Building Units.—A sub-com- 
mittee consisting of Stanton Walker was appointed to draft a suggested 
standard form for reporting tests. The sub-committee presents a suggested 
form. 

This committee wishes to thank all members of the Institute and of 
the industry in general who have so kindly volunteered information or 
suggestions for the consideration of the committee, and invites the further 
co-operation of all who are interested in promoting the manufacture, sale 
and use of concrete building units. 


W. R. Harris, Chairman. 


*These sizes were approved by the convention, Feb, 26, 1924, 
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TENTATIVE STANDARD SPECIFICATIONS FOR CONCRETE BUILDING 
Brock AND CoNcRETE ButLpInG TILE.* 


Submitted by Committee P-1, on Standard Building Units, 


I. GENERAL. 


1, The purpose of these specifications is to define the requirements 
for concrete building block and concrete building tile to be used in con- 
struction. 

2. The word “concrete” shall be understood to mean portland cement 
concrete. 

3. According to the strength in compression 28 days after being manu- 
factured or when shipped, concrete block and concrete tile shall be classified 
as heavy load bearing, load bearing, and non-load bearing on the basis of 
the following requirements. 


Compressive strength, Ib. per sq. in. 
of gross cross-sectional area as laid 
in the wall. 


Aver. of 3 or Min. for Indi- 
more Units vidual Unit 
Name of Classification 
Heavy load bearing block or tile...... 1200 1000 
Medium “ of Ga are e SS Mtas Ses, cee 700 600 
Non- (74 “ce 66 74 6c 950 200 


4, The gross cross-sectional area of a one-piece concrete block or tile 
shall be considered as the product of the length times the width of the 
unit as laid in the wall. No allowance shall be made for air spaces in 
hollow units. The gross cross-sectional area of each unit of a two-piece 
block or tile shall be considered the product of the length of the unit 
times one-half the thickness of the wall for which the two-piece block or 
tile is intended. 

5. The compressive strength of the concrete in units of all classifica- 
tions except “non-load bearing block” shall be at least 1000 Ib. per sq. in., 
when calculated on the minimum cross-sectional area in bearing. 

6. Concrete building block and tile to be exposed to soil or weather 
in the finished work (without stucco, plaster or other suitable protective 
covering) shall meet the requirements of the absorption test. 


7, All concrete building block and tile not covered by paragraph 6 
need not meet an absorption requirement. 


* Adopted as Tentative Standard, Annual Convention, Feb. 26, 1924. 
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8. Concrete block and tile shall not absorb more than 10 per cent of 
the dry weight of the unit when tested as hereinafter specified, except 
when it is made of concrete weighing less than 140 lbs. per cu. ft. For 
block or tile made with concrete weighing less than 140 lbs. per cu. ft., the 
absorption in per cent by weight shall not be more than 10 multiplied by 
140 and divided by the unit weight in pounds per cubic foot of the con- 
crete under consideration. 


9. Specimens for tests shall be representative of the commercial 
product of the plant. 


10. Not less than three and preferably five specimens shall be required 
for each test. 


11. The specimens used in the absorption test may be used for the 
strength test provided they have heen dried at approximately 70° F, for 
not less than three days. 


Il. METHODS OF TESTING. 


12. The specimens to be tested shall be carefully measured for over- 
all dimensions of length, width and height. 


13. Bearing surfaces shall be made plane by capping with plaster of 
paris or a mixture or portland cement and plaster which shall be allowed 
to thoroly harden before the test; 


14. Specimens shall be accurately centered in the testing machine; 


15. The load shall be applied through a spherical bearing block placed 
on top of the specimen; 


16. When testing other than rectangular block or tile care must be 
taken to see that the load is applied through the center of gravity of 
the specimen ; 


17. Metal plates of sufficient thickness to prevent appreciable bending 
shall be placed between the spherical bearing block and the specimen; 


18. The specimen shall be loaded to failure; 


19. The compressive strength in pounds per square inch of gross 
cross-sectional area is the total applied load in pounds divided by the gross 
cross-sectional area in square inches, 


20. The specimens shall be dried to constant weight at a temperature 
of from 212 to 250° F. and the weight recorded. After drying, the speci- 
men shall be immersed in clean water at approximately 70° F. for a 
period of 24 hours. They shall then be removed, the surface water wiped 
off and and the specimens re-washed. The absorption is the weight of the 
water absorbed, divided by the weight of the dry specimen and multiplied 
by one hundred. 
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21. The weight per cubic foot of the concrete in a block or tile is the 
weight of the unit in pounds divided by its volume in cubie feet. To 
obtain the volume of the unit, fill a vessel with enough water to immerse 
the specimen. The greatest accuracy will be obtained with the smallest 
vessel in which the specimen can be immersed with its length vertical. 
Mark the level of the water, then immerse the saturated specimen and 
weigh the vessel. Draw the water down to its original level and weigh 
the vessel again. The difference between the two weights divided by 62.5 
equals the volume of the specimen in cubic feet. 


Weight of 
Concrete. 


Strength 
Requirements 


Absorption 
Requirements 


Sampling 


Strength Test. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR CONCRETE Brick.* 
Submitted by Committee P-1, on Standard Building Units. 


I. GENERAL. 


1. The purpose of these specifications is to define the requirements 
for concrete brick to be used in construction. 

2. The word “concrete” shall be understood to mean portland cement 
concrete. 

3. The average compressive strength of concrete brick 28 days after 
being manufactured or when shipped shall not be less than 1,500 lb. per 
sq. in. of gross cross-sectioned area as laid in the wall, and the compressive 
strength of any individual brick shall not be less than 1,000 lb. per sq. in. 
of gross cross-sectional area as laid in the wall. 

4. The gross cross-sectional area of a brick shall be considered as the 
product of the length times the width of the unit as laid in the wall. 

5. Concrete brick shall not absorb more than 12 per cent of the dry 
weight of the brick when tested as hereinafter specified except when they 
are made of concrete weighing less than 125 lb. per cu. ft. For brick 
made of concrete weighing less than 125 Ib. per cu. ft., the average ab- 
sorption in per cent by weight shall not be more than 12 multiplied by 
125 and divided by the unit weight in pounds per cubic foot of the concrete 
under consideration. 

6. Specimens for tests shall be representative of the commercial prod- 
uct of the plant. 

7. Five specimens shall be required for each test. 

8. The specimens used in the absorption test may be used for the 
strength test provided they have been dried at approximately 70° F. for 
not less than three days. 


Il. METHODS OF TESTING. 


9. The specimens to be tested shall be carefully measured for over- 
all dimensions of length, width and thickness. 

10. Bearing surfaces shall be made plane by capping with plaster 
of paris or a mixture of portland cement and plaster which shall be 
allowed to thoroughly harden before the test; 

11. Specimens shall be accurately centered in the testing machine; 


12. The load shall be applied through a spherical bearing block placed 
on top of the specimen; 


* Adopted as Tentative Standard, Annual Convention, Feb. 26, i924. 
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13. Metal plates of sufficient thickness to prevent appreciable bend- 
ing shall be placed between the spherical pearing block and the specimen ; 


14. The specimen shali be loaded to failure; 


15. The compressive strength in pounds per square inch of gross 
cross-sectional area is the total applied load in pounds divided by the 
gross cross-sectional area in square inches. 


16. The specimens shall be dried to constant weight at a temperature 
of from 212° to 250° F. and the weight recorded. After drying, the speci- 
mens shall be immersed in clean water -.at approximately 70° F. for a 
period of 24 hours. They shall then be removed, the surface water wiped 
off and the specimens re-weighed. The absorption is the weight of the 
water absorbed, divided by the weight of the dry specimen and multiplied 
by one hundred. 


Absorption Test 


(Name of Testing Laboratory) 


TESTS OF CONCRETE BUILDING UNITS 


Tests made in accordance with Proposed Standard Specifications for 
Concrete Building Block and Conerete Building Tile, and Proposed Standard 
Specifications for Concrete Brick, of the American Concrete Institute, 1924. 
See reverse of this sheet. 


ABSORPTION TESTS 


Unit Weight Corrected, 
Mark Date Dry Weight, Absorption, of Concrete, Absorption 
Lab. Client Tested Pound Per Cent by Wt. Ib. per cu. ft. Per cent* 


AVERAGE 5. ho phee WN bared dhsmes py Mees Cae Ie ee ee 


* This information need not be furnished if the absorption by weight is within the required limits. 


STRENGTH TESTS 


Dimensions Loaded Area, ____ Crushing Load____ 
Mark Date of Unit—in. sq. in. Total Lb. per sq. in. 
Lab. Client Tested Depth Width Length Gross Minimum Pounds Gross Minimum 
Area Area 
IAVCLES Carnie fgets Sah Cast poke Bech ays vec Shas en St re Celie ata ge a ae yO ae 
Remarks: 
Gorrettn otis fee eee 
DateroiReporttease- = 1a ee eee Report Not. nase 
Detach here if following information is confidential. 
ReportvNorens..see 


INFORMATION FURNISHED BY CLIENT 


The following information is essential if recommendations are to be 
made for changes in method of manufacture. 


DATA OF CONCRETE 


T f Machi Time Mixing Water Units per Proportions of Cement Time and 
Date SDEB OF ae ONELy of per Sack Sack to Fine and Coarse Method of 
Made Mixer Molding Mixing of Cement of Cement Aggregate Curing 


DATA OF AGGREGATES 


Sieve Anlayses* ‘ Unit Weight, 
Type of Amounts Coarser than each Sieve, Fineness Lb. per cu. ft. Per cent 
Aggregate Per cent by Weight Modulus* Dryand As Moisture by Weight 
LOO TTA3 8 ls ce Rodded used as used 


* This information will be furnished by the Laboratory at no additional charge, if samples of aggregate 


are submitted. 
RECOMMENDATIONS 


(Over) 
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AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR PLAIN ConcREtTE 
SEWER Pipr.* 


Submitted by Committee P-7, on Concrete Sewer Pipe. 


I. GENERAL. 


1. These specifications apply to concrete pipe intended to be used for 
the conveyance of sewage, industrial wastes and storm water. Pipe fur- 
nished under these specifications shall be of a single class. 


2. The acceptability of pipe shall be determined by the results of the 
chemical and physical tests hereinafter specified, any or all of which may 
be required by the purchaser; and by inspection, to determine whether the 
pipe comply with the specifications as to dimensions, shape and freedom 
from external and internal defects. 


IJ. MATERIALS. 


3. Concrete sewer pipe shall be manufactured from portland cement 
concrete. By concrete is meant a suitable mixture of portland cement, 
mineral aggregates and water, hardened by hydraulic chemical action. 


4. Portland cement shall meet the requirements of the Standard Speci- 
fications and Tests for Portland Cement (Serial Designation C 9-21) of 
the American Society for Testing Materials. 


5. The materials shall possess such physical and chemical properties 
that when molded into pipe and properly cured the product will be strong, 
durable and serviceable, free from objectionable defects, and in compliance 
with these specifications and tests. 


III. Sizes and DIMENSIONS. 


6. Pipe of the various sizes shall have the dimensions given in Table 
III for the quality of concrete therein designated. When concrete of a 
less unit strength is used, the dimensions of the pipe shall be such that the 
pipe will meet the test requirements given in Table IT. 


7. Permissible variations as given in Table IV shall in so case be 
exceeded. 
* Adopted as Tentative Standard, Annual Convention, Feb. 25, 1924. 
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Tasie II.—Puysican Test REQUIREMENTS OF PuaIn Concrete SEWER 


Prien. 
Minimum Crushing Strength, 
b. per lin. ft. 

. ; Maximum 

Internal Diameter, in. Absorption, 

When Tested When Tested per cent. 

by Sand Bearing | by Three-edge 
Method. Method. 

ARATE Nes 5 PME RUT. bce co Be SH aby 1430 950 8 
Oh ois Hit EERE Is ER ee ee eee Ree 1430 950 8 
A Siatens, Sg Maree ENA eRe le ee oe aT 1430 950 8 
1p. ve eaeaak GENE IS RRB AN ie an 1570 1050 8 
(PD cir, caer te ae eee ae gd te ape a Be Mane 1710 1140 8 
HM Dereeeee Ee LE a ea 1960 1310 8 
See ee rh en ie eee i aa 2200 1470 8 
PRM ee oN Sd Aechmea. tel Se 2490 1660 8 
AN RMN Ad) oe Ee es eee ad ahs MA 3070 2050 8 
i cs ce, ie ee a een ome Se ee 3370 2240 8 
PAD hniceaeg te eRO See IETS Mae nee Coc A ht Aiea: SER 3690 2460 8 
Do cocoa Sane SERS SNE ae a eet Ne RE 4050 2700 8 
SO Mae aLeR RTs eee Lie Pree nee Ihe. Sh Leet 4400 2930 8 
SOMA art ig Secon tiane. oP earieeemeie. Be 4710 3140 8 
BO Ce Serene te oe ire oo Wey eles 5030 3350 8 


Note.—The load per foot of pipe shall be determined by dividing the total test load by the laying length 
of the pipe in feet. 


Taste III].—Dimensions or Puan Concrete Stwer Prez BAsep ON 
ConcRETE Havine A CoMPRESSIVE STRENGTH oF Nor Less THAN 
4500 LB. PER SQ. IN. AT 28 Days. 


Inside 
1 Di Depth of Mini Thick f Thickness of 
Bias oe Dy, Lensth sia ot Socket (Ls), «lave of Barrel ('), | Socket (7). 
in. t; ocke is), in. ocke F in. 
In. 

es 1) 2, 23 6 ie 1:20 fs | The 

Gee sl) Py 3 + 2 iL 2X0) 5 thickness 

are 221,31 103 21 1:20 yo! the : 
Osten ee oe PI, 8) 13 Ds 1:20 z socket 7 
125 8 Pa ans 24 1:20 | 1, | in, from 
Doce er oe DD, Vasey ile Das 1:20 1G its outer 
1is-— | 2283] 208 23 1:20 13 | end shall 
7 Oe Bie oars 26 oe 1:20 13 be not less 
Deh | 2a Paes 293 3 1:20 25 than three- 
oe eee 331 3} 1:20 2! | fourths of 
30. 3 37 33 1:20 2} | the thick- 
oe 3 401 4 1:20 23 | ness of the 
36. 3 44 4 1:20 3 | barrel of 
39.. 3 473 4 1:20 31 | the pipe. 
BO ge says SS 51 4 1:20 32 


: ; ’ : ; ; 3 F ae 
Norz.—When pipes are furnished having an increase in thickness over that given in the last column, 
then the diameter Eh acekes shall be increased by an amount equal to twice the increase of thickness of barrel 
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IV. WorKMANSHIP AND FINISH. 


8. Pipe shall be substantially free from fractures, large or deep cracks 


and surface roughness. 
9. ‘The ends of the pipe shall be square with their longitudinal axes. 


10. Special shapes shall have a plain spigot end and a socket end cor- 
responding in all respects with the dimensions specified for pipe of the 
corresponding internal diameter. Branches shall be furnished to lay the 
same length as straight pipe. All specials shall conform in finish to the 
requirements for straight pipe. 


11. Slants shall have their spigot ends cut at an angle of approxi- 
mately 45 degrees with the longitudinal axis. 


12. Curves shall cover ares of 90, 45, 2214 deg., as required. They 
shall conform substantially to the curvature as specified. 


13. Branches shall be furnished with the connection or connections of 
the size or sizes specified, securely and completely fastened in the process 
of manufacture to the barrel of the pipe. T-branches and double T-branches 
shall have the branch axis perpendicular to the longitudinal axis of the 
pipe. Y-branches, double Y-branches, and V-branches shall have their 
branch axes approximately 45 degrees from the longitudinal axis of the 
pipe measured from the socket end. All branches shall terminate in sock- 
ets, and the barrel of the branch shall be of sufficient length to permit 
making a proper joint when the connecting pipe is inserted in the branch 
socket. 


14. Channel, or split pipe, shall be accurate half sections of the cor- 
responding size of pipe. 


V. MARKING. 


15. When shipment of pipe is made in any manner other than direct 
from manufacturer to user, pipe shall be so marked that the manufacturer 
of the pipe can be identified, 


VI. Cyremicar TESTS AND REQUIREMENTS. 


16. The purchaser may specify special chemical requirements as to 
resistance of the pipe to chemical action in cases where soils, industrial 
wastes, sewage, or ground waters have marked acid or alkaline character, 
or are of abnormally high temperature, and may prescribe chemical tests 
of the pipe to ascertain whether these special requirements are met. With- 
out a special agreement in advance, no pipe shall be rejected by reason of 
its composition as determined by ultimate chemical analysis. 
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TaBLE IV.—Prrmissiste VARIATIONS IN DIMENSIONS OF PLAIN CONCRETE 
SEWER Piper. 


Limits of Permissible Variation in: 


Normal Size, inches. 


Length, Internal Diameter, in. Depth of Thickness 
LUCRES Del || eee ee en || Cockers of Barrel, 
foot (—). i inches (—). | inches (—). 
Spigot (+). | Socket (+L). 
4 a) 1 zt 1 1 
epee tla iee we (wile, wbiel te (eel /e 46 4 8 8 8 16 
(Cee ee aa 1 qe — a i yy 
oS oc 4 16 16 4 16 
Selb a ARE SER + + 4 4 ds 
Peseike Ta mayne 4 mn a a 16 
dl OME Ps } 4 4 1 1 
akanfous iteptelset ce q 4 4 4 1é 
SD ere tee ye FE teh 4 1 1 i as 
Bs Reese 4 4 4 4 16 
1 Me co eee eae 4 a 4 } 3s 
Srey cucu i A A 7 aD 
LS ORR ee 4 1 + 4 3s 
SNS ici St 4 4 4 4 32 
7a ek ee ae 4 Pan is ri $ 
Pee eat dertet at ears A Ky 6 1 6 4 8 
Aaa a 3 pe Pan i 2 
5 tess een eee : i6 16 4 ¥ 
PAU Saeveee Ras 3 vs is 3 4 
@) (Abin! elias im fe 1s: folllvl aoe 8 16 16 As 8 
Ota 3 2 3 4 4 
Bee Sr rhe enced one aks 3 3 3 z 3 
SE aud oem 3 3 3 a 3 
RS OR coreean caste 3 5 3 a 3 
36 oie 3 i 1 ae ee, 
feet In)ies Suis Vinsiwite in| 5) “a)t'e lay (9) catia 8 2 2 zy 16 
39. mY, 3 A: a bs J3u 
49 Fig COOP ORS: Comer Cee Cae a a 8 2 2 4 16 
3 1 it al 3 
pwovraliel sea) Ml wis) is/@7-6: @\7e) let oar aide, fobs 8 2 2 4 16 


_ Nore.—The minus sign (—) alone indicates that the plus variation is not limited; the plus and minus 
sign (+) indicates variation in both excess and deficiency in dimension. 


VII. Puysicat TEsts. 
(A) General. 


17. The physical tests, of pipe shall include: Load test, hydrostatic 
pressure test and absorption test. 


18. The specimens to be tested shall be selected by the purchaser or 
his representative at the point or points designated by him when placing 
the order. They may be selected in such numbers as are judged necessary 
to determine fairly the quality of all the pipe. The manufacturer or seller 
shall furnish specimens for test, without charge, up to one-half of 1 per 
cent of the whole number of pipe ordered in each size, and the purchaser 
shall pay for all in excess of that percentage at the same rate as for 
other pipe. 


19. The test specimens shall be full size pipe which will in every re- 
spect pass the inspection requirements hereinafter provided. ‘They shall 
be free from all visible moisture, measured and weighed and the results 
recorded and preserved as shown in Table I. 


20. Failure of 20 per cent of the specimens to meet the requirements 
of any of the tests imposed, shall result in rejection of all the pipe in the 
shipment or delivery, corresponding to the sizes thus failing to comply; 


Tests Required. 
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Test Methods. 


Sand Bearing Test. 
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except that in the event of 20 per cent of the specimens in any size failing 
to meet the requirements, the manufacturer or seller may, with the con- 
sent of the consumer or purchaser, furnish for test, without charge, addi- 
tional specimens from the same shipment. In case more than 80 per cent 
of the specimens tested, including those first tested, shall show substantial 
compliance for each of the various tests performed, then the entire ship- 
ment or delivery for this size shall be accepted, otherwise it shall he 


rejected. 


= myn Eh 
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Side View Bearing Frame. 


FIG, 1.—THREE-EDGE BEARINGS. FIG. 2.—SAND BEARINGS. 


(B) Load Test. 


21. The load test shall be performed either by the sand bearing or 
three-edge bearing method as hereinafter described. Each manufacturer 
shall be fully equipped to test by at least one of these methods. 


22. When sand bearings are used, the specimen shall have its upper 
and lower quadrants measured on the center line of the shell, carefully 
bedded in dry, clean, uniformly compacted sand having a minimum thick- 
ness of at least one-fourth the mean diameter of the pipe to be tested. The 
sand shall be prevented from lateral flow by being placed in rigid frames 
which shall not come in contact with the test specimen. Seepage of sand 
between the pipe and the upper bearing frame may be prevented by strips 
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of cloth attached to the lower inside edge of the frame. The upper bearing 
shall be centered over the pipe and the load shall be applied centrally 
thereto through a rigid horizontal bearing plate, covering its surface but 
not in contact with the bearing frame. 


23. The sand bearing test may be made without the use of a testing Test by Weights 
machine, by piling weights directly on a platform resting on, and fully 
supported by, the top bearing plate, provided, however, that the weight 
shall be piled symmetrically about a vertical line through the center of the 
pipe, and that the platform shall not be allowed to touch the top bearing 
frame. 


FIG. 3.—APPLICATION OF DIMENSIONS GIVEN IN TABLE III. 


24. When three-edge bearings are used, the ends of each specimen Of 7Tphree-edge Bearing 

pipe shall be accurately marked in halves of the circumference prior to the Test 
test. The lower bearings shall consist of two wooden strips with vertical 
sides, each strip having its interior top corner rounded to a radius of 
approximately 14 inch. They shall be straight, and shall be securely 
fastened to a rigid block with their interior vertical sides 1 inch apart. 
The upper bearing shall be a wooden block, straight and true from end to 
end. The bearings shall be centered on the diametrically opposite mark- 
ings previously made and the test load shall be applied through the upper 
bearing block in such a way as to produce a uniform distribution of the 
load throughout the length of the pipe and leave the bearing free to move 
in a vertical plane passing midway between the lower bearings. 


25. In testing a pipe which is “out of line” the lines of the bearings Pipe “‘out of line.” 
chosen shall be those which appear to give most favorable conditions for 


fair bearings. 


Application of 
Load. 


(Machine Testing). 


Application of 
Internal Pressure. 


Test Result. 


Absorption Test. 


Specimen 
Markings. 


Drying Specimens. 


Balance Used. 


Boiling Specimens. 


676 SPECIFICATIONS: PLAIN SEWER PIPE. 


26. Any prime mover or hand power which will apply the load at a 
uniform rate of about 2,000 lb. per minute, or in increments of not more 
than 100 lb. at the same rate, may be used in making the test. The testing 
machine shall be substantial and rigid throughout, so that the distribution 
of the load will not be affected appreciably by the deformation or yielding 
of any part. The load shall be applied continuously until failure occurs. 
The load at the time of failure shall be observed and recorded. 


(C) Hydrostatic Test. 
27. Sound full size pipe shall be tested for leakage under internal 
hydrostatie pressure. 


28. The ends of the pipe shall be closed by watertight bulkheads, and 
internal water pressure, as measured by a standardized gauge, applied to 
the specimen as follows: 


5 lb. per square inch for 5 minutes 


29. The specimens shall be capable of withstanding these pressures 
and shall show no active leakage during the final 5 minutes of the 15 lb. 
test period. Moisture appearing on the surface of the pipe in the form of 
patches or beads, adhering to the surface, shall not be considered leakage. 


(D) Absorption Test. 

30. The specimens shall be sound pieces with all edges broken, and 
may be from pipe broken in the crushing or other tests. They shall be 
from 12 to 20 sq. in. in area, and shall be as nearly square as they can 
be readily prepared. 


31. Each specimen shall be marked so that it may be identified with 
the pipe from which it was taken. The marking shall be applied so that 
the pigment used shall not cover more than 1 per cent of the total super- 
ficial area of the specimen. 


32. Preparatory to the absorption test, the specimen shall be first 
weighed and then dried in a drier or oven at a temperature of not less 
than 230 deg. F. (110 deg. C.) to constant weight. 


33. The balance used shall be sensitive to 0.5 g. when loaded with 
1 kg. and weighings shall be read to the nearest gram. When other than 
metric weights are used, the same degree of accuracy shall be obtained. 


34. The specimen, after drying, cooling and weighing, shall be placed 
in a suitable receptacle, covered with distilled water or rain water, and 
boiled for five hours, and then cooled in water to a final temperature of 
50 to 59 deg. F. (10 to 15 deg. C.). 
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35. The specimen shall be allowed to drain for not more than one 
minute, the superficial moisture removed hy towel or blotting paper, and 


then weighed. 


36. The absorption shall be considered as the increase in weight over 
the dry weight and shall be calculated and recorded as a percentage thereof. 
The results shall be reported for each specimen together with the average 
for each size of pipe represented. 


(E) Physical Test Requirements. 


37. Concrete pipe shall meet the load and absorption test require- 
ments as given in Table II. 


VIII. INSprectrion. 


38. All pipe shall be subjected to inspection at the factory, trench or 
other point of delivery by a competent inspector employed by the consumer 
or purchaser. The purposes of the inspection shall be to cull and reject 
pipe which, independent of the physical tests herein specified, fail to meet 
the requirements of these specifications.” 


39. Pipe shall be subject to rejection on account of any of the fol- 
lowing : 

(a) Variations in any dimension exceeding the permissible varia- 
tions given in Table IV. 

(b) Fracture or cracks passing through the shell or socket, ex- 
cept that a single crack at either end of a pipe not exceeding 2 in. in 
length or a single fracture in the socket not exceeding 3 in. in width 
nor 2 in. in depth will not be deemed cause for rejection unless these 
defects exist in more than 5 per cent of the entire shipment or de- 
‘livery. 

(ec) Defects which indicate imperfect mixing and molding. 

(d) Variations of more than % in. per linear foot in alignment 
of a pipe intended to be straight. 

(e) Failure to give a clear ringing sound when a dry pipe placed 
on end is tapped with a light hammer. 

(f) Insecure attachment of branches or spurs. 


40. All rejected pipe shall be plainly marked by the inspector and 
shall be replaced by the manufacturer or seller with pipe which meet the 
requirements of these specifications, without additional cost to the con- 


sumer or purchaser. 


* When the point of inspection is not designated in the contract or order, 
it shall be understood as being at the point of manufacture. 
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AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR CONCRETE 
DRAIN TILE.* 


Submitted by Committee P-7, on Concrete Sewer Pipe. 
J. GENERAL. 


1. These specifications apply to concrete drain tile, consisting of two 
classes, namely, Standard Drain Tile and Extra-Quality Drain Tile. 

The purposes for which these classes are intended to be suitable are 
as follows: 


Standard Drain Tile, for ordinary district land drainage at moderate 
depths. 


Extra-Quality Drain Tile, for district land drainage, at considerable 
depths and where an extra quality is desired. 


2. The purchaser shall specify the class of tile to be supplied. Stand- 
ard Drain Tile shall be supplied where no advance selection is stated. 


3. The acceptability of drain tile shall be determined by the results 
of the chemical and physical tests hereinafter specified, any or all of which 
may be required by the purchaser; and by inspection, to determine whether 
the tile comply with the specifications as to dimensions, shape and freedom 
from external and internal defects. 


II. MATERIAL, 


4. Concrete drain tile shall be manufactured from portland cement 
concrete. By concrete is meant a suitable mixture of portland cement, 
mineral aggregates and water, hardened by hydraulic chemical action. 


5. Portland cement shall meet the requirements of the Standard 
Specifications and Test for Portland Cement (Serial Designation: C 9-21) 
of the American Society for Testing Materials. 


6. The materials shall possess such physical and chemical properties 
that when molded into tile and properly cured the product will be strong, 
durable and serviceable, free from objectionable defects, and in compliance 
with these specifications and tests. 


* Adopted as Tentative Standard, Annual Convention, Feb. 25, 1924. 
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III. Sizes anp Dimensions. 


7. All drain tile shall be of circular cross-section, except. when other- 
wise specified in advance. They shall be approximately straight, except 
in the case of special connections. The ends shall be so regular and smooth 
as readily to admit of making close joints by pressing together adjoining 
tile. 


8. The sizes of drain tile shall be designated by their internal 
diameters. 


9. Drain tile smaller than 12 in. in diameter shall have a minimum 
length of 12 in. Tile from 12 to 30 in. in diameter, inclusive, shall have 
lengths not less than the diameters. ‘ile larger than 30 in. in diameter 
shall have a minimum length of 30 in. 


10. Permissible variations as given in Table I shall in no case be 
exceeded. 


TasLEe I.—PERMISSIBLE VARIATIONS IN DRAIN TILE. 


Extra- 
Physical Properties Specified. Beate Doe 
rain 11e. 
Allowable variation of average diameter of any tile above 3 3 
or below specified diameter, per cent................ = 
Allowable variation from straightness, percentage of 
IResARSg He ne, Ses har ark ata Re oe eee 2 2 


IV. WORKMANSHIP AND FINISH. 


11, Drain tile shall be substantially uniform in structure throughout 
and shall be reasonably smooth on the inside. 


12. Drain tile shall be free from cracks and checks extending into the 
bedy of the tile in such a manner as to decrease the strength appreciably. 
Tile shall not be chipped or broken in such a manner as to decrease their 
strength materially or to admit earth into the drain. 


V. MARKING. 


13. When shipment of tile is made in any manner other than direct 
from manufacturer to user, tile shall be so marked that the manufacturer 
of the tile can be identified. 


VI. CHEMICAL TEST AND REQUIREMENTS. 


14. The purchaser may specify special chemical requirements as to 
resistance of the tile to chemical action in cases where soils or drainage 
waters have marked acid or alkaline character, or are of abnormally high 
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temperature, and may prescribe chemical tests of the tile to ascertain 
whether these special requirements are met. Without a special agreement 
in advance, no drain tile shall be rejected by reason of its composition as 
determined by ultimate chemical analysis. 


VII. PHYSICAL TESTS. 
(A): General. 


15. The physical tests of drain tile shall include Load Tests and 
Absorption Test, and may include Freezing and Thawing Test, when speci- 
fied by the purchaser in advance or when called for by the manufacturer 
or other seller as provided herein. 


16. The specimens to be tested shall be selected by the purchaser or 
his representative at the point or points designated by him when placing 
the order. The test specimen shall be full size tile which will in every 
respect pass the inspection requirements hereinafter provided. 


17. A standard physical test shall comprise tests of five individual 
tile for each size of tile represented. Specimens of tile may he selected 
by the inspector in such number as he judges necessary to determine fairly 
the quality of all the tile. The manufacturer or other seller shall furnish 
specimens of tile without charge up to 0.5 per cent of the whole number 
of tile, and the purchaser shall pay for all in excess of that percentage at 
the same rate as for other tile. 


(B) Load Tests. 


18. The load test shall be performed either by the sand bearing or 
three-edge bearing method as hereinafter described. Each manufacturer 
shall be fully equipped to test tile by at least one of these methods. 


19. The walls of the tile shall, at the time of testing, be as thor- 
oughly wet as will result from completely covering with hay, cloth, or 
similar absorbent material, and keeping the covering wet for not less than 
12 hours. 


20. No specimen of tile shall be exposed to water or air temperatures 
lower than 40 deg. F. from the beginning of wetting until tested. Frozen 
tile shall be completely thawed before the wetting begins. 


21. Each specimen of tile shall be weighed on reliable scales just prior 
to testing, and the weights shall be reported. 


22. When sand bearings are used, the specimen shall have its upper 
and lower quadrants, measured on the center line of the shell, carefully 
bedded in dry, clean, uniformly compacted sand having a minimum thick- 
ness of at least 14 the mean diameter of the pipe to be tested. The sand 
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shall be prevented from lateral flow by being placed in rigid frames which 
shall not come in contact with the test specimen. Seepage of sand between 
the tile and the upper bearing frame may be prevented by strips of cloth 
attached to the lower inside edge of the frame. 

The upper bearing shall be centered over the tile and the load shall be 
applied centrally thereto through a rigid horizontal bearing plate, covering 
its surface but not in contact with the bearing frame. 


“Lower 
Bearing 
, Bottom 
A Bearing 
Frame 


Detail of Lower Bearing, 


FIG. ]1.—SAND BEARINGS. FIG. 2.—THREE-POINT BEARINGS. 


23. The sand bearing test may be made without the use of a testing 
machine, by piling weights directly on a platform resting on, and fully sup- 
ported by, the top bearing plate, provided, however, that the weight shall 
be piled symmetrically about a vertical line through the center of the tile, 
and that the platform shall not be allowed to touch the top bearing frame. 


24, When three-edge bearings are used, the ends of each specimen of 
tile shall be accurately marked in halves of the circumference prior to the 
test. The lower bearings shall consist of two wooden strips with vertical 
sides, each strip having its interior top corner rounded to a radius of 
approximately 1% inch. They shall be straight, and shall be securely fast- 
ened to a rigid block with their interior vertical sides 1 inch apart. The 
upper bearing shall be a wooden block, straight and true from end to end. 
The bearings shall be centered on the diametrically opposite markings 
previously made and the test load shall be applied through the upper bear- 
ing block in such a way as to produce a uniform distribution of the load 
throughout the length of the pipe and leave the bearing free to move in 
a vertical plane passing midway between the lower bearings. 
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25. In testing tile which is “out of line” the lines of the bearings 
chosen shall be those which appear to give most favorable conditions for 
fair bearings. 


26. Any prime mover or hand power which will apply the load at a 
uniform rate of about 2,000 lb. per minute, or in increments of not more 
than 100 Ib. at the same rate, may be used in making the test. The testing 
machine shall be substantial and rigid throughout, so that the distribution 
of the load will not be affected appreciably by the deformation or yielding 
of any part. The load shall be applied continuously until failure occurs. 
The load at the time of failure shall be observed and recorded. 


(C) Absorption Test. 


27. Absorption test specimens may be taken from tile broken in the 
load test. Three specimens shall be taken from each of five tile,—one 
specimen from each end of the tile and the third specimen from near the 
middle portion. All specimens shall be sound pieces with all edges broken 
and shall be from 12 to 20 sq. in. in area, and as nearly square as they 
can readily be prepared. 


28. Each specimen shall be marked so that it may be identified with 
the tile from which it was taken. The markings shall be applied so that 
the pigment used will not cover more than 1 per cent of the total area of 
the specimen. 


29. Preparatory to the absorption test, all specimens shall be first 
weighed and then dried in a drier or oven, at a temperature of not less 
than 110 deg. C. (230 deg. F.) to constant weight. 


30. The balance used shall be sensitive to 0.5g. when loaded with 1 
kg., and weighings shall be read at least to the nearest gram. When other 
than metric weights are used, the same degree of accuracy must be obtained. 


31. Specimens after drying and weighing shall be placed in a suitable 
receptacle, covered with distilled water or rainwater, and boiled for five 
hours, and then cooled in water to a final temperature of 10 to 15 deg. C. 
(50 to 59 deg. F.). 


32. The specimens shall be allowed to drain for not more than one 
minute, superficial moisture removed by towel or blotting paper, and then 
weighed. 


33. The absorption shall be considered as the increase in weight over 
the dry weight and shall be calculated and recorded as a percentage thereof. 
The results shall be reported for each specimen, together with the average 
for the fifteen or more specimens comprising the standard sample. 
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(D) Freezing and Thawing Test. 


34. For the freezing and thawing test another set of specimens similar 
to those used in the absorption test shall be prepared and dried to constant 
weight. 


35. The specimens shall be immersed for 72 hours in water having a 
temperature of 18 to 24 deg. C. (65 to 75 deg. F.), and then weighed. 
When the specimens have been weighed after saturation with water, they 
shall be returned to the water and kept immersed until the freezing test 
is begun. For freezing, they shall be placed with the concave faces up- 
ward in watertight metal trays, suitably mounted in a rigid metal crate, 
and immersed in ice water until the specimens have attained substantially 
the temperature of the water, after which the water shall be drawn to a 
depth of % in. in each tray. The crate shall then be lifted without dis- 
turbing the specimens, and placed in the freezing apparatus. 


36. Freezing shall be performed in a quiet atmosphere, free from per- 
ceptible natural or artificial currents. If artificial freezing apparatus is 
employed, the apparatus shall have sufficient heat-absorbent capacity to 
enable the temperature of the freezing chamber to be brought to —10 deg. 
C. (14 deg. F.), or below, within thirty minutes after the introduction of 
the specimens. The temperature in the freezing apparatus shall not fall 
lower than —20 deg. C. (—4 deg. F.). The freezing shall be continued 
until the water in the trays is frozen solid. 


37. At the conclusion of freezing the crate of specimens shall be with- 
drawn and at once immersed in water at a temperature of 18 deg. to 24 
deg. C. (65 deg. to 75 deg. F’.) in a special receptacle of proper size. A 
temperature of 18 deg. to 24 deg. C. (65 deg. to 75 deg. F.) shall then be 
maintained for not less than 2 hours. At the conclusion of the thawing 
treatment, the crate of specimens shall be inspected and the condition of 
each sample shall be noted in the records. 


38. Failure under the freezing and thawing treatment shall be consid- 
ered to be reached when: 


(a) The specimens show superficial disintegration or spalling with 
loss of weight of more than 5 per cent of the initial dry weight, or 
(b) The specimens show evident serious loss of structural strength. 


(EH) Physical Test Rrequirements. 
39. The average test load for all of the tile constituting a standard 


sample shall not be less than given in Table IJ, and no individual tile shall 
show a strength of less than 75 per cent of such requirement. 

40. The average absorption for all the specimens constituting a stand- 
ard sample shall not be greater than that given in Table IJ, and the aver- 
age test of an individual tile shall in no case show an absorption of more 
than 125 per cent of such requirement. 
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41. In the freezing and thawing test, at least 95 per cent of all the 
tile tested shall meet the requirements. 


42, In the event that a standard sample of tile fails to meet the re- 
quirements of the absorption test, the manufacturer or other seller may 
demand recourse to the freezing and thawing test, to be made at his ex- 
pense. In such recourse, the number of tiles tested shall be four times 
the number represented by the standard sample. If the material passes 
the freezing and thawing test satisfactorily, it shall not be rejected on 
account of its failure to meet the absorption requirements. 


43. In the event of the failure of a standard sample to meet the above 
requirements, the manufacturer or other seller may thoroughly cull the 
material and submit a portion for re-test at his own expense, and for such 
re-test the number of tiles per sample shal? be 10 for the strength and 
absorption tests and 20 for the freezing and thawing test. In the event of 
the failure of the material after culling to pass the requirements, it shall 
be rejected without further test. 


TasuE II.—Puysicat Test REQUIREMENTS. 


Drain Tile. 
Standard Drain Tile. Extra-quality Drain Tile. 
Internal Diameter Average Load, Average Load, 
ket Ib. per lin. ft. Average Ib. per lin. ft. Average 
Absorsiony Absorption, 
Sand 3-edge eave Sand 3-edge iA tie 
Bearing. Bearing. Bearing. Bearing. 

A nN PR rersel e ohass 1200 800 10 1600 1067 9 

Gree mia eae 1200 800 10 1600 1067 9 

See cee ites diets 1200 800 10 1600 1067 9 
OM eS Sen ees 1200 800 10 1600 1067 9 
De one Ma eons 1200 800 10 1600 1067 9 
1 etoeaeMak isnot 1200 800 10 1600 1067 9 
LL. Geese ere oe 1300 867 10 1600. 1067 9 
I Re cee Pey se adot 1400 933 10 1800 1200 9 
Dae ee era. 1500 1000 10 2000 1333 9 
A Ata ele Med 1600 1067 10 2200 1467 9 
DAN a eR rs 1700 1133 10 2400 1600 9 
DAO a: eal Bebe, i De 1800 1200 10 2600 1733 9 
23 eee 1900 1267 10 2800 1867 9 
OO Sai gee een 2000 1333 10 3000 2000 9 
BN NE. 2100 1400 10 3200 2133 9 
SASF, ah eae 2200 1467 10 3400 2267 9 
BOA Serre eee OOO) 1533 10 3600 2400 9 
BS ane: non eee 2400 1600 10 3800 2533 9 
A) een aie eee 2500 1667 10 4000 2667 9 
Ure Red Aa ieb kat 2 2600 1733 10 4200 2800 9 


Nors.—When the freezing and thawing test is made as provided herein, the number of freezings and 
thawings to be endured shall be as follows: for standard drain tile, 36; for extra-quality drain tile, 48. : 


Nat) F pitas bell ing ea ie eee 
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Vil. INSPECTION. 


44, All tile shall be subject to inspection at the factory, trench or 
other point of delivery by a competent inspector employed by the .con- 
sumer or purchaser. The purposes of the inspection shali be to cull and 
reject tile which, independent of the physical tests herein specified, fail to 
-meet the requirements of these specifications.” 


45. Tile shall be subject to rejection on account of any of the fol- 
lowing: 


(a) Variations in any dimensions exceeding the permissible varia- 
tions given in Table I. 

(b) Cracks, fractures or defects in excess of those allowed in Sections 
1] and 12. 

(ec) Failure to give a clear ringing sound when a dry tile placed on 
end is tapped with a light hammer. 


46. All rejected tile shall be plainly marked by the inspector and shall 
be replaced by the manufacturer or seller with tile which meets the re- 
quirements of these specifications, without additional cost to the consumer 
or purchaser. 


47. The manufacturer or other seller may appeal from decisions of 
the inspector on questions of strength or structure when such decisions are 
based on visual inspection alone, in which case the point at issue shall be 
determined by standard physical tests, the cost of which shall be paid by 
the appellant, if the inspector was right, or by the purchaser if his in- 
spector was in error. 


* When the point of inspection is not designated in the contract or order, 
it shall be understood as being at the point of manufacture. 
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TENTATIVE STANDARD SPECIFICATIONS FOR REINFORCED-CONCRETE 
Sewer Pirr.* 


Submitted by Committee P-7, on Concrete Sewer Pipe. 


I. GENERAL, 


1. These specifications apply to reinforced concrete pipe intended to 
be used for the conveyance of sewage, industrial waste and storm water. 
Pipe furnished under these specifications shall be of two classes to be 
known respectively as Class A pipe and Class B pipe. 


2. The acceptability of pipe shall be determined by the purchaser; by 
the results of the load tests hereinafter specified, if and when required, and 
by inspection, to determine whether the pipe comply with the specifica- 
tions as to dimensions, shape, and freedom from external and internal 
defects. 


II. MATERIALS. 


3. Pipe shall be manufactured from concrete in which steel has been 
imbedded in such manner that the steel and concrete shall assist each 
other in taking stress. 

By concrete is meant a suitable mixture of portland cement, mineral 
aggregates and water, hardened by hydraulic chemical action. 


4. Portland cement shall meet the requirements of the Standard Speci- 
fications and Tests for Portland Cement (Serial Designation, C 9-21) of 
the American Society for Testing Materials. 


5. Reinforcement may consist of wire or fabric which will meet the 
requirements of the Tentative Specifications for Cold-Drawn Steel Wire for 
concrete reinforcement (Serial Designation: A 82-21T) of the American 
Society for Testing Materials, or of rods and bars which meet the require- 
ments of the Standard Specifications, for Billet Steel Concrete Reinforce- 
ment bars (Serial Designation A-15-15). 


6. The materials shall possess such physical properties that when 
molded into pipe and properly cured, the product will be strong, durable 
and serviceable, free from objectionable defects, and in compliance with 
these specifications and tests. 


7. The aggregate shall be so graded and proportioned and thoroughly 
mixed with such a proportion of cement and water as to produce a homo- 
geneous concrete mix of such quality that the pipe will meet the test re- 
quirements and inspection hereinafter provided. 


* Adopted as Tentative Standard, Annual Convention, Feb. 25, 1924. 
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III. Drsien. 


8. The shell thickness and amount of reinforcement shall be such that 
the pipe will meet the load test requirements herein provided. 


9. The reinforcement shall extend throughout the barrel of the pipe. 
It shall be assembled into units so designed that they may be readily 
placed and maintained of true, exact shape and proper: position within 
the pipe form during the manufacturing process. 


10. The ends of reinforced concrete pipe shall be so formed that when 
the pipe are laid together and the joints cemented, they shall make a con- 
tinuous and uniform line of pipe with a smooth and regular interior sur- 
face. The joints shall be of such a design that when cemented they will 
prevent leakage and infiltration as well as appreciable irregularities in the 
flow line of the sewer. 


11. Reinforcement shall be placed not less than % in. from the 
surface of the pipe shell. 


IV. WORKMANSHIP AND FINISH. 


12. Pipe shall be substantially free from fractures, large or deep 
cracks and surface roughness. The ends of pipe shall be square with their 
longitudinal axes. 


13. Variations of the internal diameter shall not exceed 2 per cent. 
The shell thickness shall not be less than that intended in the design by 
more than 5 per cent at any point. 


V. MARKING. 


14. When shipment of pipe is made in any manner other than direct 
from manufacturer to user, pipe shall be so marked that the manufacturer 
of the pipe can be identified. The date of manufacture shall be plainly 
marked on the pipe in all cases. 


VI. Loap TEST. 


15. The test specimens shall be full size pipe which will in every 
respect pass the inspection requirements hereinafter provided. 


16. The specimens to be tested shall be selected by the purchaser or 
his representative at the point or points designated by him when placing 
the order. The manufacturer shall furnish, for testing purposes and at 
his own expense, one pipe of each size included in the order; the purchaser 
bearing all expense of testing such pipe. Should additional tests be made 
upon the demand of the purchaser or manufacturer, as hereinafter pro- 
vided, then cost of such additional test specimens and the expense of 
testing shall be borne by the party making such demand, 
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17. Should the test specimens furnished by the manufacturer meet the 
test requirements, then all pipe represented by such specimens shall be 
accepted; provided, however, that the purchaser shall have the right to 
require an additional test in any size or sizes of pipe. 

Should any of the specimens first tested fail to meet the test require- 
ments, then the manufacturer shall have the right to submit an addi- 
tional test of the size or sizes of pipe which have failed. 


FIG. 1—THREE-EDGE BEARINGS. FIG. 2.—SAND BEARINGS. 


In either case, when an additional test is made in any size of pipe, 
such test shall consist of three pipe or multiple thereof including the pipe 
first tested; if two-thirds of the pipe so tested shall meet the test require- 
ments, then all pipe represented by such test shall be accepted, otherwise 
they shall be rejected. 


18. The load test shall be performed either by the sand bearing or 
three-edge bearing methods as hereinafter described. 
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19. When sand bearings are used, the specimen shall have its upper Sand Bearing Test. 

and lower quadrants, measured on the center line of the shell, carefully 
bedded in dry, clean, uniformly compacted sand having a minimum thick- 
ness of at least one-quarter the mean diameter of the pipe to be tested. 
The sand shall be prevented from lateral flow by being placed in rigid 
frames which shall not come in contact with the test specimen. Seepage 
of sand between the pipe and the upper bearing frame may be prevented 
by strips of cloth attached to the lower inside edge of the frame. 


U 
ane paver: 
FIG. 3.—THREE-EDGE BEARINGS. FIG. 4.—SAND BEARINGS. 


The upper bearing shall be centered over the pipe and the load shall 
be applied centrally thereto through a rigid horizontal bearing plate, cov- 
ering its surface but not in contact with the bearing frame. 


20. The sand bearing test may be made without the use of a testing Test by Weights. 
machine, by piling weights directly on a platform resting on, and fully 
supported by, the top bearing plate, provided, however, that the weights 
shall be placed symmetrically about a vertical line through the center of 
the pipe, and that the platform shall not be allowed to touch the top bear- 
ing frame. 


21. When three-edge bearings are used, the ends of each specimen of Three-edge Bearing 
pipe shall be accurately marked in halves of the circumference prior to the aget 
test. The lower bearings shall consist of two wooden strips with vertical 
sides, each strip having its interior top corner rounded to a radius of 
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approximately 4% in. They shall be straight; and shall be securely fast- 
ened to a rigid block with their interior vertical sides one inch apart. 
The upper bearing shall be a wooden block, straight and true from end 
to end. The bearings shall be centered on the diametrically opposite mark- 
ings previously made and the test load shall be applied through the upper 
bearing block in such a way as to produce a uniform distribution at the 
load throughout the length of the pipe and to leave the bearing free to 
move in a vertical plane passing midway between the lower bearings. 


22. Any prime mover or hand power which will apply the load at a 
uniform rate of about 2000 Ib. per minute, or in increments of not more 
than 100 lb., at the same rate, may be used in making the test. The test- 
ing machine shall be substantial and rigid throughout, so that the distribu- 
tion of the load will not be affected appreciably by the deformation or 
yielding of any part. The load shall be applied continuously until the 
ultimate strength of the pipe is reached, The load at ultimate strength 
and also when the first crack appears shall be observed and recorded. 


23, In testing pipe which is “out of line” the lines of the bearings 
chosen shall be from those which appear to give the most favorable con- 
ditions for fair test. ; 


24, The test specimens shall show an ultimate strength not less than 
that given in Table I for the several classes and for the various sizes and 
methods of test stated and shall show no clearly visible crack extending the 
full length of pipe when tested to one-half the ultimate load designated in 
the Table. 


Tasie I.—ULTM™ATE STRENGTH TEST REQUIREMENTS OF REINFORCED- 
ConcrETE Sewer Prien at Nor Less THAN 28 Days. 


Ultimate Load in pounds per lin. ft. of Pipe. 
Class A Pipe. Class B Pipe. 
Internal Diameter of Three-edge Sand Three-edge Sand 
Pipe in inches. Bearing. Bearing. Bearing. Bearing. 
fs Be eee ee ea ies carne he | 2400 3600 3600 5400 
OH (eee IER Or ee 2650 3975 4000 - 6000 
3) Ue EREES cat ote Pie ern oN 2900 350 4350 6525 
DN oc Mao ae oo eel 3150 4725 4700 7050 
DOr. crane baieeeneaey ete Pee Stee 3400 5100 5000 7500 
4D. Sion Rae Deere 3800 5700 5550 8325 
ASS Sean oe nos eR nee eee 4200 6300 6000 9000 
A oo oS Cpe ee 4500 6750 6400 9600 
OU eae ony Sam cig DONA co 4800 7200 6750 10125 
51 earners Dieies one. cecets ot more 5000 7500 7000 10500 
dP IN ER EGA et. 5200 7800 7200 10800 


Nore.—The load per foot of pipe shall be determined by dividing the total test load by the laying length 
of the pipe in feet. 


# 
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VII. INsrrEction. 


25. All pipe shall be subject to inspection at the factory, trench or 
other point of delivery by a competent inspector employed by the consumer 
or purchaser. The purpose of the inspection shall be to cull and reject 
pipe which, independent of the physical tests herein specified, fail to meet 
the requirements of these specifications. 


26. Pipe shall be subject to rejection on account of any of the 
following: 


(a) Variations in any dimension exceeding the permissible vari- 
ations given in Section 13. 


(b) Fractures or cracks passing through the shell, except that a 
single crack at either end of the pipe, not exceeding 2 inches in length, 
or a single fracture not exceeding 2 inches in depth, nor extending 
more than 10 per cent around the circumference, will not be consid- 
ered cause for rejection, unless these defects exist in more than 5 per 
cent of the entire consignment. 


(ec) Defects which indicate imperfect mixing and molding. 


(d) Exposure of the reinforcement when such exposure would 
indicate that the reinforcement is misplaced. 


27. All rejected pipe shall be plainly marked by the inspector and 
shall be replaced by the manufacturer or seller with pipe which meets the 
requirements of these specifications, without additional cost to the con- 
sumer or purchaser. 


EEE 


DISCUSSION. 


J. E. Lonerny.—I would like to present the views of the Lock Joint 
Pipe Company in regard to these specifications for reinforced-concrete 
sewer pipe. We are entirely opposed to their adoption. The specifications 
as proposed will fail to serve the purpose for which they are written. 
The purpose of a specification is to assist the manufacturers and con- 
sumers by defining the standard of the product which should be sold and 
used. They will fail because they do not define the standard which can 
be sold under the specifications. Any pipe, no matter what its wall 
thickness, its quantity of steel, its strength of concrete, can be sold under 
these specifications. 

They are based on the idea that load tests alone are sufficient to 
protect the user and the industry. ThiS is not so, because they do not 
serve to keep inferior pipe off of the job. As a matter of fact, they 
actually invite poor material on to the work. The result in that case, of 
course, is a loss to the user through delay and inconvenience if he waits 
for good pipe. He may be at such a stage of his work that he is obliged 
to use the pipe. In either case the failure of the pipe to meet the tests 
or its subsequent failure in the ground means loss to the consumer and 
damage to the reinforced-concrete sewer pipe industry as a whole. 

These specifications encourage the manufacture and use of pipe that 
is likely to fail. We do not want to see failure. LHvery single failure 
to meet a load test or failure in service means serious damage to the in- 
dustry. We want to see only such pipe included in these specifications 
as will stand up under the specified load tests and in service. This can 
be done only by specifying minimum amounts of steel, mix or strength 
of concrete and wall thickness which, when used with reasonable care, 
will make a pipe which is certain to pass the tests. 

These specifications ignore definite standards which have already 
been established. Reinforced-concrete sewer pipe has been made and used 
in enormous quantities in this country for many years. The manufactur- 
ing concerns largely responsible for the development of reinforced-concrete 
pipe in this country based their standards on experimental tests and care- 
ful observation of pipe in service. Is it wise to ignore the fact that not 
a single length made under these standards has failed in service for a 
long period of years? It is this fact alone which has given the pipe a 
high place of merit in the minds of engineers and users. Study of material 
used in lines which have been in service for years will give a very close 
indication of the minimum amount of material which should be recom- 
mended by the Institute. If, in the future, we pipe manufacturers want 
to make pipe thinner or with less steel or cement, we should show con- 


clusively that the product is still the standard acceptable to the American 


Concrete Institute and we can then apply for a reduction in the minimum 
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specified. Load tests alone are not sufficient for determining minimum 
wall thicknesses; they are not a complete criterion of suitability for the 
conditions to which the pipe will be subjected in the trench. 

We, as manufacturers, are interested in seeing reinforced-concrete 
sewer pipe become a standard material of construction. The American 
Concrete Institute certainly wants to see the same thing, but it never 
will under specifications which allow manufacturers to make anything 
they wish. ‘This specification would represent an American Concrete In- 
stitute license to manufacturers to make reinforced-concrete pipe with 
just as little material as they would dare. F 

Various members of the committee anticipate difficulty in arriving 
at minimum quantities of steel and minimum wall thicknesses. due to 
the fact that there are different methods of making pipe. If this is so 
and the Institutes recognizes different methods of manufacturing, then 
there should be separate specifications for the pipe made by each method. 
Pipe made by the poured process under field conditions forms by far the 
largest pipe output of the reinforced-concrete sewer pipe business. The 
specifications should therefore be governed by this class of pipe. If there 
are other processes to which the specifications would be unfair, then sepa- 
rate specifications or provisions should be made to take care of them. 

The future of the reinforced-concrete sewer pipe industry depends 
on the degree of satisfaction which the product of the industry gives. 
In an organization such'as the American Concrete Institute, made up of 
consumers, engineers and manufacturers who are all interested in the 
welfare of the product, in a case of this kind where specifications are 
being drawn up, it is the duty of the engineers to protect the consumers 
from the use of poor material, and it is the duty of the manufacturers 
to protect the consumers by preventing, as far as possible, the production 
of poor material. These specifications do not protect the consumer. 

On the basis of these facts, we absolutely oppose the adoption of the 
specifications as they are written. 

CG. F. Burnrr.—I would like to reply briefly to the argument just 
placed before the convention. The question at issue is whether we shall 
include in our specifications a design of pipe. At a well attended meeting 
of the committee held at Chicago early last year, two specifications which 
had been previously prepared, were submitted for consideration of the 
committee. Both specifications contained complete designs for pipe and 
after full discussion by the committee, both specifications were rejected. 
The committee then authorized appointment of a sub-committee to prepare 
specifications to be submitted to the committee, giving the sub-committee, 
at the same time, instructions to prepare these specifications based on 
performance or test only. This sub-committee held a number of pscet es 
at Chicago, submitting its work to the general committee for discussion, 
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and after the specifications were finally written, the work was placed — 
before the general committee for letter ballot, resulting in ten favorable 
and only one unfavorable vote. Up to this time no criticism of the work ~ 
of the sub-committee had been made, but at a meeting of the general com- 
mittee held at Chicago last month some criticism of these specifications 
was submitted, based on the fact that they did not contain a design of — 
pipe. With this criticism, however, no constructive work was cffered as 
a substitute. 2 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR PortTLAND CEMENT 
CONCRETE PAVEMENTS. * 


Onz-Course PorTLAND CemMENnT ConcRETE PAVEMENT 
FOR HIGHWAYS. 


I. GENERAL. 


1. It is the intent of these specifications to cover the requirements for 
materials and construction of portland cement concrete pavement, wherein 
the concrete is of uniform proportions from top to bottom of the slab. 


Il. MATERIALS. 
(A) Cement. 


2. Cement shall be a standard portland cement which at the time it 
is incorporated in the pavement mixture, shall conform to the Standard 
Specifications and Tests for Portland Cement (Serial Designation: C9-21) 
of the American Society for Testing Materials, and subsequent revisions 
thereof. 


(B) Aggregates. 


3. Prior to placing any orders for aggregates the contractor shall 
advise the engineer of the proposed source or sources of supply of aggre- 
gates. The engineer may require the contractor to submit 50-lb. samples 
of all aggregates proposed for use. If the engineer finds such samples 
fulfill the requirements of these specifications for aggregates, similar ma- 
terial shall be considered as acceptable. Acceptance of samples shall not 
be construed as a guarantee of acceptance of all materials from the same 
source, and it shall be understood that any aggregates which do not meet 
with the requirements of these specifications will be rejected. Upon recelv- 


* Submitted by Committee S-6, on Concrete Roads and Pavements, for an- 
nual meeting, February, 1924. ‘Tentative Standards were printed in Proceed- 
ings, A. C. I., Vol. 19, 1923, p. 387. Discussion of Specifications appears on 
p. 729 of this volume. 

Adopted by meeting to be sent out to letter ballot as Standard Specification, 
Feb. 26, 1924. 

Adopted as Standard Specification by letter ballot of the Institute, Apr. 29, 
1924. 
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ing notification of the proposed source or sources of aggregate supply, the 
engineer may elect to investigate and test the aggregate supply at the 
source; in which case he shall notify the contractor as to acceptability, or 
non-acceptability of the proposed aggregates. ‘The engineer shall notify 
the contractor, after agreement upon a source or sources of aggregate sup- : 


ply, whether routine tests of aggregates during construction will be made 
at the source of supply or at the point of receipt. (See Bidding Sheet.) 


Fine Aggregate. 4. (a) Fine Aggregate—Fine aggregate shall consist of natural sand, 
stone screenings, slag sand, tailings, chatts, or other inert materials with 
similar characteristics, or a combination thereof, having clean, hard, strong, 
durable, uncoated grains. When incorporated in the pavement mixture, 
fine aggregate shall be free from frost, frozen lumps, injurious amounts of 
dust, mica, soft or flaky particles, shale, alkali, organic matter, loam, or 
other deleterious substances. Ninety-five per cent of the fine aggregate, 
when dry, shall pass a one-fourth (44) in. sereen; not more than 25 per 
cent shall pass a 50-mesh sieve, and not more than 5 per cent by weight 
shall pass a 100-mesh sieve. In no case shall fine aggregate be accepted 
containing more than 3 per cent, by dry weight, nor more than 5 per cent 
by dry volume, nor more than 7 per cent by wet volume, of clay, loam, 
or silt. If any sample of fine aggregate shows more than 7 per cent of 
clay, loam or silt, in one hour’s settlement after shaking in an excess of 
water, the material represented by the sample will be rejected.. Fine aggre- 
gate shall be of such a quality that mortar composed of portland cement 
and the fine aggregate when made into 2x4 in. cylinders, in the same 
proportions as will be used in the concrete mixture for the pavement, shall 
show compressive strength at 7 and 28 days equal to or greater than the 
compressive strength of cylinders composed of mortar of the same propor- 
tions of portland cement and standard Ottawa sand. For proportioning 
test cylinders, portland cement and fine aggregate and standard Ottawa 
sand shall be measured by weight, and the same portland cement shall be 
used with the Ottawa sand as with the fine aggregate to be tested. 


Y 2h) dete 


Coarse Aggregate 5. (b) Coarse Aggregate—Coarse aggregate shall consist of one of 
the following materials, or a combination thereof: crushed rock, pebbles 
(gravel), air cooled blast furnace slag, chatts or tailings. The particles 
of coarse aggregate shall be of clean, hard, tough, durable material, free 
from vegetable or other deleterious substances, and shall contain no soft, 
flat, or elongated pieces. Coarse aggregate shall show not more than 6 per 
cent loss in the wear test. 


(Note: In many cases, it will be necessary for the engineer to specify 
the sizes, grading, and quality of coarse aggregate in accordance with local 
conditions. In every case, the engineer should provide specifications which 
will require the use of the best coarse aggregate which is economically 
available. As a guide to the engineer, Abrams’ “Tables of Proportions and 
Quantities for Concrete for Road Construction” are printed herewith. The 
following specifications covering size and grading of coarse aggregate will 
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be found applicable in most sections of the country, and are intended for 
use with the 1: 2: 314, 1:2: 3, or 1:14: 3, mixture.) 


§. The size of the coarse aggregate shall be such as to pass a 3-in. 
round opening. Coarse aggregate shall be uniformly graded within the 
limits shown in the following table, and any material which does not come 
within the limits specified shall be rejected. 

Passing 3-in. round opening, 100 per cent. 

Passing 2-in. round opening, not less than 82 per cent nor more than 
95 per cent. F 

Passing 4%-in. round opening, not less than 15 per cent nor more than 
25 per cent. 


Passing \4-in. sieve, not more than 5 per cent. 


7. Crushed Rock shall consist of particles of rock produced by quarry- Crushed Rock. — 
ing and crushing ledge rock, field boulders, or pebbles, from which, after 
crushing, all dust and pieces below one-quarter (14) in. size have been 
screened out. Crushed rock shall conform in quality to the specifications 
under “Coarse Aggregate.” 


8. Pebbles (Gravel) shall consist of loose material containing only Pebbles. 
particles retained upon a 14-in. screen, resulting from the natural crushing 
and erosion of rocks. Pebbles must have wearing qualities at least equal 
to crushed stone. Pebbles shall conform in quality to the specifications 
under “Coarse Aggregate.” 


9. Air Cooled Blast Furnace Slag—The broken slag shall consist of Slag. 
roughly cubical fragments of air cooled blast furnace slag, reasonably uni- 
form in density and quality and reasonably free from metallic iron, con- 
taining no dirt or other objectionable matter. The slag shall weigh not 
less than seventy (70) pounds per cubic foot. 


10. Chatts, or Tailings are terms locally applied to by-products, or Chatts. 
waste products, of certain mining and industrial operations. When used 
as coarse aggregate for concrete pavements, such materials shall substan- 
tially conform to the specifications under “Coarse Aggregate.” 


ll. Miwed Aggregate.—Mixed aggregate shall consist of a combina- Mixed Aggregate. 
tion of fine and coarse aggregates. That portion of mixed aggregate pass- 
ing a one-quarter (14) in. screen shall conform to the requirements for 
fine aggregate; and that portion of mixed aggregate retained on a one- 
quarter (14) in. screen shall conform to the requirements for coarse 


aggregate. 
(C) Water. 
12. Water shall be clean, free from oil, acid, alkali, or vegetable Water. 


matter. 
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| (D) Reinforcement. 

j Reinforcement. 13. Reinforcement shall consist of steel fabric, or of steel bars, or a 
combination of both and shall have an effective weight exclusive of dowel 
bars at joints and of circumferential bars of at least....pounds per 100 

square feet. 


14. (a) Steel Fabric—Steel fabric shall be manufactured from cold 
drawn wire and shall comply with tentative standards of the American 
Society for Testing Materials, Serial Designation A 82-21T. 


15. The spacing of primary members shall be not more than. . . .inches, 
and of secondary members not more than... .inches. 


16. Steel Bar Reinforcement.—This style of reinforcement shall con- 
sist of steel bars of the size, shape and spacing shown on the plans, and 
shall be properly formed into mats. All intersections of longitudinal and 
transverse bars along the exterior edges of the mat and every other inter- 
section of the longitudinal and transverse bars in the interior of the mat 
shall be securely wired or clipped together to resist displacement during 
handling and concreting operations. The materials shall have an effective 
weight of not less than....lb. per 100 sq. ft., exclusive of laps, ties, 
clamps, chairs, and such portions of the bars as are not in the plane of 
the mat for their full lengths. 


‘ 
: 


17. Steel bars shall comply with the standard requirements for con- 
crete reinforcement bars, structural and intermediate grades, of the Ameri- 
can Society for Testing Materials, Serial Designation A 15-14.* All bar 
reinforcement when placed in the pavement shall be free from excess rust, 

I scale, or other substance which prevents the bonding of the concrete to the 

| reinforcement. When in storage on the work, bars shall be protected from 


corrosion by placing them on a dry platform under a weather-proof cover. 


ThAsi~ 


) 
| 
: 
| 
| 
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4 (E) Jowmt Filler. 


} Joint Filler. Joint filler shall consist of prepared strips of fibre matrix and bitumen, 
i containing not more than 25 per cent of inert material, having thickness 
| Signage in., and width equal to..... in. greater than the thickness of the 
| pavement at any point. The bitumen used in manufacture of the joint 


i filler may be either tar or asphalt of a grade that will not become soft 
i enough to flow in hot weather, nor brittle in cold weather. The prepared 
strips shall be cut to conform to the cross-section of the pavement and in 
lengths equal to the width of the pavement, except that strips equal in 
length to half the width of this pavement may be used when laced or ; 
ih clipped together at the center in a workmanlike and effective manner. 


(F) Shoulders. 
Shoulders. (Any special materials for the construction of shoulders should be 
ii here described as desired by the engineer.) 


* This clause, which restricts bar reinforcement to bars rolled from new 
billets, was referred back to the Committee for further investigation and report 
at the next annual meeting. 
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Ill. SUBGRADE. 


18. Swbgrade will be considered as that portion of the highway upon 
which the pavement is to be placed. 


(A) Fine Grading. 


19. Fine grading will include the finished excavation and embank- 
ment which may be necessary to bring the subgrade to the required eleva- 
tion, alignment, and cross-section. All suitable materials removed from 
the excavation in fine grading shall be used as far as practicable in the 
formation of the embankment, as may be required. Such material not 
used in embankment may be deposited on the shoulders as directed by the 
engineer. When the amount of the embankment exceeds the amount of 
the material available from excavation, suitable material shall be obtained 
by the contractor from borrow pits located beyond the limits of the 
shoulders or embankment slopes. Such borrow pits shall be left in neat 
condition, such as will drain completely. Ditch sections and back slopes 
of cuts must conform to the plans, and be left with neat and uniform 
appearance. 


(B) Preparation and Maintenance. 


20. The subgrade shall be constructed to have, as nearly as practicable, 
a uniform density throughout its entire width. Wherever the subgrade 
extends beyond the lateral limits of an old roadway, or wherever an old 
gravel, macadam, or other hard compacted crust comes within 6 in. of the 
elevation of the finished subgrade, such old roadway or crust shall be 
ploughed, loosened or sacrificed to a depth of at least 6 in. and the loos- 
ened material redistributed across the full width of the subgrade, adding 
suitable material, when necessary, so that when compacted to the required 
elevation, alignment, and cross-section, the subgrade will approach as 
nearly as possible, a condition of uniform density. Compression of the 
subgrade material shall be accomplished with a self-propelled roller weigh- 
ing not less than 3 tons. Hand-tamping portions of the subgrade may be 
directed by the engineer when necessary. ‘There shall not be left on the 
subgrade or shoulders, berms or ridges of earth or other material that will 
interfere with the immediate discharge of water from the subgrade to the 
side ditches, and the subgrade shall be maintained free from ruts so that 
it will, at all times, drain properly. 


21. All depressions developing under traffic on the subgrade, or in 
connection with rolling, shall be filled with suitable material. Rolling 
shall be continued until the subgrade is uniformly compacted, properly 
shaped, and true to grade and alignment. It is not intended that the 
rolling shall be continued beyond this point, as the purpose of rolling is 
not to produce a subgrade that cannot be further compacted, but to produce 
a uniformly compacted subgrade. All hauling shall be distributed over the 
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width of the subgrade so far as practicable, so as to leave it in a uniformly 
compacted condition. 


22. After being prepared in the above manner, the subgrade shall be 
so maintained until the concrete pavement has been placed thereon. 


(C) Subgrade—Ohecking and Acceptance. 


23. Immediately prior to placing concrete pavement on the subgrade, 
it shall be checked by means of an approved scratch template, resting on 
the side forms, having the scratch points placed not less than 8 in. apart, 
and to the exact elevation and cross-section for the subgrade surface. The 
scratch template shall be drawn along the forms so that the plane of the 
points will be at a right angle to the grade line, and the long axis of the 
template at a right angle to the center line of the pavement. All high 
places indicated by the scratch points shall be removed to true grade, and 
any low places back filled with suitable material and rolled or hand tamped 
until smooth and firm. The subgrade shall be checked and completed in 
accordance with these requirements for a distance of not less than 100 ft. 
in advance of the concrete. If hauling over the subgrade after it has been 
finished and checked as above specified, results in ruts or other objection- 
able irregularities, the contractor shall re-roll or hand-tamp the subgrade 
and place it in smooth and satisfactory condition before the pavement is 
deposited upon it. If the condition of the subgrade is such that it cannot 
be placed in satisfactory condition to receive the pavement by the above 
methods, placing pavement may be stopped by the engineer unless the con- 
tractor can provide and haul over suitable trackways or use other satis- 
factory means for the protection and maintenance of the subgrade. 


(D) Special Treatment. 


24, (Special treatment may be specified for certain subgrades such 
as sand, gumbo, adobe, and other materials, which cannot be satisfactorily 
prepared for pavement by the methods specified in the foregoing para- 
graphs.) 


IV. FORMS. 
(A) Materials. 


25. Wooden forms shall be dressed to 3-in. thickness, and equal in 
depth to the thickness of the pavement at the sides. Forms shall rest upon 
stakes driven into the ground within 1 ft. of each end of each separate 
piece, and at intervals not greater than 5 ft. elsewhere. Forms shall be 
held in place by stakes driven into the ground along the outside edge at 
intervals of not more than 6 ft., two stakes being placed at each joint. 
The forms shall be firmly nailed to the side stakes, and firmly braced at 
any point where necessary to resist the pressure of the concrete or the 
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impact of the tamper. Forms shall be capped along the inside upper edge 
with 2-in. angle irons. 


26. Metal forms shall be of shaped steel sections not less than 10 ft. 
in length, for tangents and for curves having radii of 150 ft. and over. 
For curves of less radii, sections 5 ft. long may be used. Forms must have 
a depth equal to the side thickness of the pavement. Forms shall be made 
of steel plate of approved section. At least three bracing pins or stakes 
shall be used to each 10 ft. of form, and the bracing and support must be 
ample to resist the pressure of the concrete and the impact of the tamper 
without springing. 

(B) Setting. 


27. Forms shall set to exact grade and alignment at least 500 ft. in 
advance of the ploint of depositing concrete. Before setting the sections 
must be thoroughly cleaned. After setting they shall be thoroughly oiled 
before concrete is placed against them. Forms in place will be subject to 
check and correction of line or grade at any time. 


V. PAVEMENT SECTION. 


28. Width, Thickness and Crown of concrete pavement shall be as 
shown on the plans for the improvement. 


VI. JOINTS. 


29. The joints to be formed shall be transverse or longitudinal. They 
shall be tested during and after finishing with a 10 ft. straight edge and 
any irregularities in the surface shall be immediately corrected. Expan- 
sion joints shall be formed between the pavement under construction and 
all other rigid types of pavement or structures to which it may be adja- 
cent. All joints shall be edged to a radius of 4% in. Joints shall be made 
as follows: 


(A) Transverse Haepansion Joints. 


30. Transverse expansion joints shall be....in. wide, spaced... .ft. 
apart. A bulkhead cut to the exact cross-section of the pavement, shall be 
securely staked in place at right angles to the center line and surface of 
the pavement. The premolded joint filler shall be placed against the bulk- 
head and held in position by pins on which there is an outstanding lug. 
Concrete shall be deposited on both sides of the bulkhead before it is re- 
moved. After the concrete has been struck off the bulkhead shall be re- 
moved by lifting it slowly from one end and replacing it with concrete as 
it is lifted, so that the joint-filler will be left in the correct position. 


31. When expansion joints are made at the end of the day’s work they 
shall be formed by finishing the concrete to the bulkhead, placed as before 
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specified. When work is resumed the joint-filler shall be placed against 
the hardened concrete and held in position by pins until fresh concrete is 
placed against it. 


32. In pavements with integral curb the joint shall be continuous in 
a straight line through pavement and curb. 


33. Joints shall be opened on the edges for their entire depth, upon 
removal of the forms. 


34. Before the pavement is opened to traffic the joint-filler shall be 
trimmed off to a uniform height of %4 in. above the surface of the pave- 
ment. 


(B) Longitudinal Expansion Jomts. 


35. Longitudinal expansion joints shall be formed by placing the filler 
against the form, bulkhead, curb, or adjacent structure and placing the 
concrete against it. The filler shall extend the full depth of the pave- 
ment, and be flush with the pavement surface. 


(C) Transverse Construction Joints. 


36. Transverse construction joints shall be formed whenever it is nec- 
essary to stop concreting for 30 min. or longer, except at expansion joints, 
by staking in place a bulkhead, as specified for transverse expansion joints, 
and finishing the concrete to the bulkhead. An edging tool shall be used 
along the bulkhead to make the construction joint a regular and well- 
defined line. When the plans require steel dowels across transverse joints 
in this bulkhead there shall be holes spaced 3 ft., center to center, 3 in. 
below the surface of the finished pavement, through which %4 in. plain 
round steel rods 4 ft. long shall be inserted with 2 ft. projecting. At least 
one-half length of each bar shall be encased in heavy paper or coated with 
paint or oil in such a manner as to prevent a bond between the steel and 
the concrete. 


37. When work is resumed the plank shall be removed, care being 
taken not to disturb the rods or the concrete. The fresh concrete shall 
be placed directly against the face of the concrete previously laid and care- 
fully worked around the rods. 


38. If concreting must be stopped within 10 ft. of a previously made 
transverse joint the concrete shall be removed to this joint. 


(D) Longitudinal Construction Joints. 


39. Longitudinal construction joints shall be formed where required 
and must be straight and vertical. When so indicated on the plans, steel 
dowels shall be used as provided in the preceding section. 
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VII. WATER SUPPLY. 
(A) Equipment. 


40. Where necessary for the supply of water for all operations de- 
scribed in these specifications, duplicate pumps, connected to an adequate 
pipe line along the improvement, shall be provided by the contractor. The 
pipe line must be fitted with drains at the low points, and air relief valves 
at the high points, and with convenient outlets for all paving operations. 
Where the concrete mixer operates on the subgrade, the pipe line shall 
‘have a minimum diameter of 2 in. For supplying a mixer using more 
than 4 sacks of cement per batch, 60 per cent of the pipe line shall have 
a minimum diameter of 3 in., and the remaining 40 per cent shall have 
a minimum diameter of 2 in. The large diameter pipe shall lead from the 
pump. 

(B) Priority to Water Supply. 


41. The concrete pavement in place, for 10 days after laying, and the 
subgrade preparation, shall have prior rights to the water supply. If it 
should develop there is not sufficient water for all purposes, the concrete 
mixer shall be shut down until the water needs of the curing and sub- 
grading operations have been cared for. 


VIil. PROPORTIONING AND MIXING CONCRETE. 
(A) Proportioning. 


42. (a) Measuring Materials—The method of measuring the mate- 
rials for the concrete including water, shall be such as to insure the re- 
quired proportions of each of the materials as directed by these specifica- 
tions. One sack of portland cement (94 lb. net) shall be considered 1 
cu. ft. 


43. (b) Proportions——The concrete shall be proportioned 1 sack of 
portland cement, not more than...... cu. ft. of fine aggregate, and not 
more than... cu. ft. of coarse aggregate. A cu. yd. of concrete in place, 
measured between neat lines, must contain...... barrels of portland ce- 
ment. The engineer shall compare the calculated amount of cement re- 
quired by these specifications and tables with the amounts actually used 
in each section of concrete...... ft. long, or between successive transverse 
joints. If the amount of cement actually used in the pavement varies from 
the specified amount by more than 3 per cent for any section, the engineer 
may require the proportions of the concrete to be adjusted so as to use 
the specified amount of cement. If it is found that the amount of cement 
used in any section is 92% per cent or less, of the specified quantity, the 
contractor shall be required to remove such section or sections, and replace 
them with concrete made in accordance with these specifications. Such 
removal and replacement shall be done at the expense of the contractor. 
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(B) Muimwing. 


44, (a) Operation of Miwer—The concrete shall be mixed in a batch 
mixer, with the “boom and bucket” type of delivery. The capacity of the 
drum shall be such that only whole bags of cement are used in each batch. . 
Mixing shall continue for at least 1 min. after all materials, including 
water, are placed in the drum, and before any part of the batch is dis- 
charged. The drum shall be revolved not less than 14 nor more than 18 
revolutions per minute. The drum shall be completely emptied before re- 
ceiving materials for the succeeding batch. The volume of the mixed mate- 
rial in each batch shall not exceed the mixer manufacturer’s rated capacity 
of the drum. 


45. The mixer shall be provided with a water measuring tank into 
which mixing water shall be discharged, having a visible gauge so that the 
amount of water for each batch may be separately and accurately meas- 
ured. The mixer shall be provided with an approved batch timing device 
which will automatically lock the batch discharging device during the full 
mixing time and release it at the end of the mixing period. The timer 
device shall have a bell which will automatically ring at the end of the 
mixing period. This device shall be subject to inspection and adjustment 
by the engineer at any time. 


46. (b) Retempering—Mortar or concrete which has partially set 
shall not be retempered by being mixed with additional materials or water. 


47. (c) Central Miazing Plants——The use of central mixing plants 
and the transportation of mixed concrete is permitted under these speci- 
fications, provided there is no segregation of the mixed concrete when it 
is delivered at the point where it is to be deposited in the pavement. The 
period between mixing and placing in the pavement shall not exceed 40 
min., and this period may be reduced at the direction of the engineer. The 
concrete must be of workable consistency when placed on the subgrade. 


48. (d) Oonsistency—The concrete mixture shall contain no more 
water than is necessary to produce a workable mass which can be prought 
to a satisfactory finish in the pavement. The amount of water used shall 
not exceed 614 gal. per sack of cement, when the aggregates are dry. : 


Ix. PLACING CONCRETE AND REINFORCEMENT. 


(A) Inspection of Subgrade. 


48. (a) Rechecking Subgrade.—Immediately before placing concrete, 
or any type of reinforcement, the subgrade shall be rechecked by means of 
a scratch template as provided in paragraph 23 of these specifications, and 
any inequalities corrected as therein provided. 


50. (b) Condition of Swbgrade.—Concrete shall be placed only on a 
moist subgrade, but there shall be no pools of standing water. If the sub- 
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grade is dry, it shall be sprinkled with as much water as it will absorb 
readily. The engineer may direct that the subgrade may be sprinkled or 
thoroughly wet down from 12 to 36 hours in advance of placing concrete, 
where such procedure may be deemed necessary. 


(B) Placing Reinforcement. 


51. Steel fabric reinforcement of the size and weight shown on the 
plans, shall be placed 2 in. below and parallel to the finished surface of 
the pavement unless otherwise indicated. Fabric shall extend to within 2 
in. of sides and ends of slabs. All laps of fabric sections shall be not less 
than three-fourths of the spacing of members in the direction lapped. Steel 
bar reinforcement shall be placed 3 in. below the finished surface of the 
pavement unless otherwise indicated on the plans. Transverse bars shall 
extend to within 2 in. of the margins of the pavement. Bar reinforce- 
ment shall be placed and securely supported in correct position before any 
concrete is laid. All intersections of longitudinal and transverse bars shall 
be securely wired or clipped together to resist displacement during con- 
creting operations. 

(C) Placing Concrete. 


52. The mixed concrete shall be deposited rapidly on the subgrade to 
the required depth and for the entire width of the pavement section, in 
successive batches and in a continuous operation without the use of in- 
termediate forms or bulkheads between joints. While being placed, the 
concrete shall be vigorously sliced and spaded with suitable tools to pre- 
vent formation of voids or honeycomb pockets. The concrete shall be espe- 
cially well spaded and tamped against the forms. When the concrete is 
placed in two horizontal layers to permit use of steel reinforcement, the 
first layer shall be roughly struck off with a template or screed, riding on 
the side forms, at the correct elevation to permit placing the reinforcement 
in specified position. The concrete above the reinforcement shall be placed 
within 15 min. after the first layer has been placed. Any dust, dirt or 
foreign matter which collects on the first layer shall be carefully removed 
before the upper layer is placed. 


53. In case of a breakdown of the mixer, involving stopping opera- 
tions for more than 40 min., a transverse joint shall be formed at the 
point directed by the engineer, to close the section. Any concrete in excess 
of that needed to complete a section, when work is stopped for more than 
40 min. shall not be used in the pavement. 


(D) Finishing. 


54, (a) General.—Experienced and skillful workmen must be em- 
ployed at all times for preparing the surface of the pavement. The con- 
crete shall be brought to the specified contour by means of a heavy screed 
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or template, fitted with handles, weighing not less than 15 lb. per lin. ft. 
This screed or template may be of steel, or of wood shod with steel. It 
shall be shaped to the cross-section of the pavement, and have sufficient 
strength to retain its shape under all working conditions. The template or 
screed shall rest on the side forms and shall be drawn ahead with a saw- 
ing motion. At transverse joints, the template shall be drawn not closer 
than 38 ft. toward the joint, and shall then be lifted and set down at the 
joint and drawn backwards away therefrom. Surplus concrete shall then 
be taken up with shovels and thrown ahead of the joint. 


55. (b) Belting—The concrete shall be finished by using a belt of 
wood, canvas, or rubber, not less than 6 nor more than 12 in. wide, and at 
least 2 in. longer than the width of the pavement. The belt shall be ap- 
plied with a combined crosswise and longitudinal motion. For the first 
application vigorous strokes at least 12 in. long shall be used, and the 
longitudinal movement along the pavement shall be very slight. The sec- 
ond application of the belt shall be immediately after the water sheen dis- 
appears, and the stroke of the belt shall be not more than 4 in. and the 
longitudinal movement shall be greater than for the first belting. 


56. (c) Machine Finishing—When a finishing machine is used it 
shall be so designed and operated as to strike off and consolidate the con- 
crete, eliminating ridges and producing a true and even surface. The oper- 
ation of the machine shall be so controlled as to keep the coarse aggregate 
near the finished surface of the pavement. Repeated operation of the ma- 
chine over a given area is to be avoided. 


57. A hand tamping template and belt must be kept for use in case 
the tamping machine breaks down. 


58. (d) Longitudinal Floating—Immediately after the screeding 
specified under IX (D) 54 (a) has been completed, the surface should be 
inspected for high or low spots and any needed corrections made by adding 
or removing concrete. Rough spots should be gone over with a long handled 
float and worked to proper contour and grade. The entire surface shall 
then be floated longitudinally, with a float board not less than 16 ft. long 
and 8 in. wide. This float board shall have convenient plow-handles at 
each end. It shall be operated by two men, one at each end, each man 
standing on a bridge spanning the pavement. The lower surface of the 
float board shall be placed upon the surface of the concrete with the long 
dimension parallel to the center line of the pavement. The float shall then 
be drawn back and forth in slow strokes about 2 ft. long, and advancing 
slowly from one side of the pavement to the other. The purpose of this 
operation is to produce a uniform even surface on the concrete, free from 
transverse waves. The two bridges on which the workmen stand should be 
placed about 18 ft. apart when the length of the float is 16 ft. When the 
entire width of the pavement has been floated in this manner from one 
position of the bridges, they shall be moved ahead about 12 ft. so that the 
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next section to be floated shall overlap the one previously so floated from 3 
to 4 ft. After this floating has been completed, and all transverse waves 
eliminated, the surface shall be finished by the belting process specified in 
paragraph 56. 


59. (e) Finishing at Joints and Tooling.—The contractor shall pro- 
vide a suitable split float or split roller, having a slot to fit over expan- 
sion joints. This device shall be so arranged as to float the surface for a 
width of at least 3 ft. on each side of the joint simultaneously. This device 
shall be used in such manner as to produce a true surface across the joint. 
Edges of the pavement, at joints and side shall be tooled for a width of 
2 in., the corners rounded to a radius of 4 in. 


60. (f) Trueness of Surface.—The finished surface of the pavement 
must conform to the grade, alignment and contour shown on the plans. 
Just prior to the final finishing operation, the surface shall be tested with 
a light straight edge, 10 ft. in length, laid parallel to the center line of 
the pavement. Any deviation shall be immediately corrected. 


61. The contractor shall be held responsible for the trueness of sur- 
face of the pavement, and shall be required to make good any deviation 
from the alignment, grade, and contour shown on the plans, in excess of 
the tolerance stipulated in this section. : 


X. CURING AND PROTECTION. 
(A) Burlap Cover. 


62. The contractor shall provide a sufficient amount of burlap or can- 
vas for every mixer on the job, to cover all of the pavement laid in any 
one day’s maximum run. Burlap or canvas cover shall be made up in 
sheets 12 ft. wide, and 4 ft. longer than the width of the pavement. Bur- 
lap or canvas cover shall be placed on the concrete immediately after the 
final belting, and shall then be sprayed with water in such a manner that 
the surface of the pavement will not be damaged. Burlap or canvas cover 
shall be kept continuously moist by spraying until the concrete has taken 
final set. 


(B) Wet Harth Cover. 


63. As soon as it can be done without damaging the concrete, the sur- 
face of the pavement shall be covered with not less than 2 in. of earth, 
or 6 in. of hay or straw. This cover shall be kept continuously wet by 
spraying for 10 days after the concrete is laid. 


(C) Sprinkling or Ponding. 
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injuring the concrete surface. The sprinkling system shall be so arranged, 
and supplied with sufficient water at ample pressure, to keep every portion 
of the pavement surface continuously wet (both night and day) for 10 
days after laying the concrete. Dikes shall be constructed along both 
edges of the pavement, with cross-dikes where necessary, and the water 
flowing off the surface of the pavement shall be collected and led to the 
ditches of culverts as directed by the engineer. The contractor shall be 
held responsible for any damage to the roadway, shoulders, or adjacent 
property, by reason of escaping water. 


65. The ponding system of curing may be used at the option of the 
contractor. Dikes shall be built along both edges of the pavement, with 
cross-dikes at sufficiently frequent intervals, and the pavement flooded with 
sufficient water within the dikes to keep all portions of the pavement sur- 
face continuously covered with water for 10 days after the concrete is laid. 


(D) Cleaning. 


66. After 14 days, the earth or other cover may be removed. After 
30 days, the contractor may use a mormon or a fresno scraper to remove 
the cover, except that scrapers shall not be used within 1 ft. of expansion 
joints. Cover within 1 ft. of expansion joints must be removed by hand. 
Road machines, or blade graders of the 2- or 4-wheel type shall not be used 
for removing the cover. 


67. After the cover has been removed, or ponds emptied and dikes 
removed, the entire surface of the pavement shall be swept clean and free 
from dirt and debris. Horse or motor drawn sweepers shail not be oper- 
ated on the pavement till 30 days have elapsed after the concrete is placed. 


(E) Cold Weather Protection. 


68. Concrete shall not be mixed nor deposited when the temperature 
is below freezing, except under such conditions as the engineer may direct 
in writing. If, at any time during the progress of the work, the tem- 
perature is, or.in the opinion of the engineer, will, within 24 hours, drop 
to 88 deg. F., the water and aggregates shall be heated, and precautions 
taken to protect the concrete from freezing until it is at least 10 days old. 
In no case shall concrete be deposited upon a frozen subgrade, nor shall 
frozen materials be used in the concrete. 


XI. PROHIBITION OF TRAFFIC. 


(A) Barricades. 


69. The contractor shall provide and maintair. substantial barricades 
across the pavement, with suitable warning signs by day and by night, to 
prevent traffic of any kind upon the pavement before it is 21 days old, or 
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before the cover has been removed. The contractor shall provide and main- 
tain watchmen at each mixer, whenever the paving crew is not at work, 
who shall prevent destruction or removal of barricades, and keep traffic off 
the pavement. 


70. No section of pavement shall be opened to traffic until written 
instructions have heen given by the engineer. 


(B) Crossings. 


71. At public highway and private crossings, the contractor shall pro- 
vide suitable structures to carry the traffic across the pavement without 
injury to the concrete. All such structures shall be subject to the approval 
of the engineer, and he may direct their improvement, or repair, as con- 
ditions may require. 


XII. CONDITION BEFORE ACCEPTANCE. 


72. Before the road will be considered completed in accordance with 
these specifications, and acceptable to the engineer, the pavement, shoulders, 
ditches, back slopes, and structures, shall be placed in a neat and orderly 
condition, conforming to the plans and specifications in all respects. 
Equipment, surplus materials, and construction debris of every description 
shall be removed from the right of way. 
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AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR PORTLAND 
Crment ConcRETE PAVEMENTS. * 


Two-Coursr PorruAND CEMENT CONCRETE PAVEMENT 
ror HIGHWAYS. 


I. GENERAL. 


1. It is the intent of these specifications to cover the requirements for 
materials and constguction of Portland Cement Concrete Pavement com- 
posed of two layers of concrete made with unlike coarse aggregates, but of 
the same proportions. 


Tl. MATERIALS. 


2. The requirements for 
(A) Cement, 
(B) Aggregates, 
(a) Hine Aggregate, 
shall be as specified in Section IT, paragraphs (A), (B) and (a) of Speci- 
fications for One Course Portland Cement Concrete Pavement for Highways. 


3. (b) Coarse Aggregate for Bottom Course——Structurally sound 
material considered too soft for a pavement surface may be used as the 
coarse aggregate in the bottom course. It shall consist of crushed rock, 
pebbles (gravel), air cooled blast furnace slag, chatts or tailings. The 
particles of coarse aggregate shall be of clean, durable material, free from 
vegetable or other deleterious substances and shall contain no flat or elon- 
gated pieces. 


(Norr.—In many cases it will be necessary for the engineer to specify 
the sizes, grading, and quality of coarse aggregate in accordance with 
local conditions. In every case, the engineer should provide specifications 
which will require the use of the best coarse aggregate which is economic- 
ally available. The following specifications covering size and grading of 
coarse aggregate will be found applicable in most sections of the country 
and are intended for use with proportions from 1: 2: 4 to 1: 1%: 8). 


* Submitted by Committee S-6, on Concrete Roads and Pavements, for an- 
nual meeting, February, 1924. Accepted for Tentative Standard by meeting, 
February 26, 1924. 
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4. The size of the coarse aggregate shall be such as to pass a 3 in. 
round opening. Coarse aggregate shall be uniformly graded within the 
limits shown in the following table, and any material which does not come 
within the limits specified shall be rejected. 

Passing 3-in. round opening, 100 per cent. 

Passing 2-in. round opening, not less than 82 per cent nor more than 
95 per cent. 

Passing 14-in. round opening, not less than 15 per cent nor more than 
25 per cent. 

Passing 14-in. sieve, not more than 5 per cent. 


5. (ce) Coarse Aggregate for Top Course shall consist of crushed 
rock, pebbles (gravel), air cooled blast furnace slag, chatts or tailings. 
The particles of coarse aggregate shall be of clean, hard, tough, durable 
material, free from vegetable or other deleterious substances and shall con- 
tain no soft or elongated pieces. The crushed rock shall wear not more 
than 6 per cent when subjected to the standard Deval abrasion test. When 
subjected to the abrasion test described on p. 30, U. S. Department of 
Agriculture, Bulletin 555, pebbles shall show a loss of not more than 12 
per cent. 


6. The size of the particles shall be such that at least 95 per cent 
shall pass a l-in. round opening and not more than 5 per cent shall pass 
a ¥%4-in. sieve, with all the intermediate sizes retained. 


7. The requirements for Crushed Rock, Pebbles (Gravel), Air Cooled 
Blast, Furnace Slag and Chatts or Tailings shall be as specified in Section 
IL (B) (b) of Specifications for One Course Portland Cement Concrete 
Pavement for Highways. 


8. The requirements for 


(d) Mined Aggregate, 
(C) Water, 
(D) Reinforcement, 
(E) Joint Filler, 
(F) Shoulders, 
shall be as specified in Section II, (B), (C), (D), (EB), (F) of Specifica- 
tions for One Course Portland Cement Concrete Pavement for Highways. 


III. SUBGRADE. 


9. The requirements for subgrade, including 
(A) Fine Grading, ‘ 


(B) Preparation and Maintenance of Subgrade, 
(C) Ohecking and Acceptance of Subgrade, 
(D) Special Treatment, 
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shall be as specified in Section III, (A), (B), (C), (D) of Specifications 
for One Course Portland Cement Concrete Pavement for Highways. 


IV. FORMS. 
10. The requirements for 

(A). Materials, 

(B) Setting, 


shall be as specified in Section 1V, (A) and (B) of Specifications for One 
Course Portland Cement Conerete Pavement for Highways. 


V. PAVEMENT SECTION. 


ll. Width and Thickness of concrete pavement and the depth of the 
top and bottom courses shall be as shown on the plans for the improve- 
ment. : 


VI. JOINTS. 
12. The requirements for joints, including 


A) Transverse Expansion Joints, 

B) Longitudinal Bepansion Joints, 
C) Transverse Construction Joints, 
D) Longitudinal Construction Joints, 


shall be as specified in Section VI, (A), (B), (C), (D) of Specifications 
for One Course Portland Cement Concrete Pavement for Highways. 


VII. WATER SUPPLY. 
13. The requirements for 


(A) ELqwpment, 
(B) Priority to Water Supply, 


shall be as specified in Section VII, (A) and (B) of Specifications for One 
Course Portland Cement Concrete Pavement for Highways. 


VIII. PROPORTIONING AND MIXING CONCRETE. 
(A) Proportiowmng. 


14. (a) Measuring Materials—The method of measuring the mate- 
rials for the concrete, including water, shall be such as to insure the re- 
quired proportions of each of the materials as directed by these specifica- 
tions. One sack of portland cement (94 1b. net) shall be considered 1 cu. ft. 


15. (b) Proportions—The concrete in both the top and bottom 
course shall be proportioned 1 sack of portland cement, not more than 
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cu. ft. of fine aggregate, and not more than...... cu. ft. of coarse aggre- 
gate. A cu. yd. of concrete in place, measured between neat lines, must 
COntaING. |. 4. barrels of portland cement. The engineer shall compare the 
calculated amount of cement required by these specifications and tables 
with the amounts actually used in each section of concrete.. a Lusmlong: 
or between successive transverse joints. If the amount of cement actually 
used in the pavement varies from the specified amount by more than 3 per 
cent for any section, the engineer may require the proportions of the con- 
crete to be adjusted so as to use the specified amount of cement. If it is 
found that the amount of cement used in any section is 9214 per cent or 
less, of the specified quantity, the contractor shall be required to remove 
such section or sections, and replace them with concrete made in accord- 
ance with these specifications. Such removal and replacement shall be 
done at the expense of the contractor. 


16. The contractor may, at his option, construct the top course of 
mortar composed of cement and fine aggregate mixed in the proportion of 
1 sack of cement to...... cu. ft. of fine aggregate. 


17. The requirements for 


(B) Miving. 
(a) Operation of Miczer, 
(b) Retempering, 
(c) Oentral Mixing Plants, 
(d) Consistency, 


shall be as specified in Section VIII, paragraphs (B) (a), (b), (c), (d) 
of Specifications for One Course Portland Cement Concrete Pavement for 
Highways. 


Ix. PLACING CONCRETE AND REINFORCEMENT. 


18. The requirements for 


(A) Inspection of Subgrade. 


shall be as specified in Section IX, (A) of Specifications for One Course 
Portland Cement Concrete Pavement for Highways. 


(B) Placing Reinforcement. 


19. Steel fabric reinforcement of the size and weight shown on the 
plans shall be placed between the bottom and top courses, unless otherwise 
indicated. Fabric shall extend to within 2 in. of sides and ends of slabs. 
All laps of fabric sections shall be not less than the spacing of members 
in the direction lapped. Steel bar reinforcement shall be placed between 
the top and bottom courses unless otherwise indicated on the plans. Trans- 
verse bars shall extend to within 3 in. of the margins of the pavement. 
Bar reinforcement shall be placed and securely supported in correct posi- 
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tion before any concrete is laid. All intersections of longitudinal and 
transverse bars shall be securely wired or clipped together to resist dis- 
placement during concreting operations. 


Placing Concrete. (C) Placing Concrete. 


20. The mixed concrete shall be deposited rapidly on the subgrade to 
the required depth and for the entire width between longitudinal joints, 
without the use of intermediate forms or bulkheads between joints. While 
being placed the concrete shall be vigorously sliced and spaded with suit- 
able tools, to eliminate voids or honeycomb pockets. The concrete shall 
be especially well spaded and tamped adjacent to forms, bulkheads and 
curbs. The bottom course shall be struck off at the correct elevation with 
a template, or screed riding on the side forms. The top course shall be 
placed within 15 min. after the bottom course was placed. Any dust, 
dirt or foreign matter which collects on the surface of the bottom course 
shall be carefully removed before the top course is placed, 


21. Whenever, because of a break-down or for any other reason opera- 
tions will be stopped for more than 40 min., a transverse joint shall be 
formed at the point directed by the engineer, to close the section. Both 
the top and bottom courses shall be completed to this joint. Any concrete 
in excess of that needed to complete a section, when work is stopped for 
more than 40 min., shall not be used in the pavement. 


22. The requirements for 


(D) Finishing. 
(a) General, 
(b) Belting, 
(ec) Machine Finishing, 
(d) Longitudinal Floating, 
(e) Finishing at Joints and Tooling, 
(f) Trueness of Surface, 


shall be as specified in Section IX, (D) (a), (b), (ce), (V)ija(e)s Get 
Specifications for One Course Portland Cement Concrete Pavement for 
Highways. 


Curing. X. CURING AND PROTECTION. 
23. The requirements for 


(A) Burlap Oover, 

(B) Wet Harth, 

(C) Sprinkling or Ponding, 
(D) Cleaning, 

(E) Cold Weather Protection, 


shall be as specified in Section X, (A), (B), (C), (D), (E) of Specifica- 


tions for One Course Portland Cement Concrete Pavement for Highways. 


or x a 
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XI. PROHIBITION OF TRAFFIC. 
24, The requirements for 


(A) Barricades, 
(B) Orossings, 


shall be as specified in Section XI, (A) and (B) of Specifications for One 
_ Course Portland Cement Concrete Pavement for Highways. 


XII. CONDITION BEFORE ACCEPTANCE. 


a 25, The Condition before Acceptance shall be as specified in Section 
XII, of Specifications for One Course Portland Cement Concrete Pavement 
for Highways. : 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR PORTLAND 
CEMENT CONCRETE PAVEMENTS. 


Onr-Coursrs PorttanD CEMENT CONCRETE STREET 
PAVEMENT. * 


I. GENERAL. 


1. It is the intent of these specifications to cover the requirements 
for the materials and construction of Portland Cement. Concrete Street 
Pavement wherein the concrete is of uniform proportion from top to bot- 
tom of slab. 


Il. MATERIALS. 
2. Materials shall meet the requirements given in the Specifications 


for One Course Portland Cement Concrete Pavement for Highways under 
Section II, Materials, in paragraphs 


(A) Cement, 

(B) Aggregates, 
(C) Water, 

(D) Reinforcement, 
(E) Joint Filler. 


Ill. SUBGRADE. 
3. Subgrade will be considered as that portion of the highway upon 
which the pavement is to be placed. 
(A) Preparation and Maintenance. 


4, Preparation and Maintenance shall meet the requirements given in 
III Subgrade, paragraph (B) of Specifications for One Course Portland 
Cement Concrete Pavements for Highways. 


* Submitted by Committee S-6, on Concrete Roads and Pavements, for an- 


nual meeting, February, 1924. Accepted for Tentative Standard by meeting, 
February 26, 1924. 
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(B) Checking and Acceptance. 


5. Just before the concrete pavement is placed the subgrade shall be 
checked by means of an approved scratch template, when the crown is se- 
cured by screeding, or-with stakes or “T’s” when the crown is obtained by 
luting. All high places shall be removed to true grade and any low places 
filled with suitable material and rolled or hand-tamped until smooth and 
firm. The subgrade shall be checked and completed in accordance with 
these requirements for a distance of not less than 100 ft. in advance of 
the concrete. If hauling over the subgrade after it has been finished and 
checked as above specified results in ruts or other objectionable irregu- 
larities, the contractor shall re-roll or hand-tamp the subgrade and place 
it in smooth and satisfactory condition before the pavement is deposited 
upon it. If the condition of the subgrade is such that it cannot be placed 
in satisfactory condition to receive the pavement, placing pavement may 
be stopped by the engineer unless the contractor can provide and haul over 
suitable trackways or use other means for the protection and maintenance 
of the subgrade, 


(C) Aggregates on the Subgrade. 


6. Neither fine nor coarse aggregates shall be deposited upon the sub- 
grade before the subgrade has been shaped and brought to the true finish. 


(D) Special Treatment. 


y 


7. (Special treatment may be specified for certain subgrades such as 
sand, gumbo, adobe, and other materials, which cannot be satisfactorily 
prepared by the methods specified in the foregoing paragraphs.) 


IV. ADJUSTING STREET STRUCTURES. 


8. Manhole and Oatchbasin Covers, valve boxes and similar existing 
structures within the area to be paved shall be adjusted by the contractor 
to come flush with the pavement surface. 


V. FORMS. 
(A) Materials. 


10. (a) Wooden Forms shall be straight, dressed on at least one 
side, not less than 2 in. in thickness and equal in width to the depth of 
the concrete which is to be placed against them. Wooden forms shall be 
held in place by stakes driven into the ground along the outside edge at 
intervals of not more than 6 ft., two stakes being placed at each joint. 
The forms shall be firmly nailed to the side stakes and braced to resist the 
pressure of the concrete or the impact of tamping. 
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ll. (b) Metal Forms shall be of shaped steel sections. They shall 
be straight, have a depth equal to the depth of the concrete to be placed 
against them and sufficient strength to resist without springing the work- 
ing strains to which they are subjected. 


(B) Setting. 


12. Forms shall be set to exact grade and alignment at least 200 ft. 
in advance of the point where concrete is being deposited. Forms shall be 
thoroughly cleaned and oiled before concrete is placed against them. Forms 
in place will be subject to check and correction of line or grade at any 
time. 


VI. JOINTS. 
(A) General. 


13. The joints to be formed shall be transverse or longitudinal. They 
shall be tested during and after finishing with a 10-ft. straight edge and 
any irregularities in the surface shall be immediately corrected. 


14, All joints shall extend through the entire thickness of the pave- 
ment; shall be perpendicular to the surface of the pavement, and be edged 
to a radius of 14-in. 


(B) Transverse Eapansion Joints. 


15. Transverse expansion joints shall be placed across the pavement 
perpendicular to the center line. They shall be % in. wide and spaced 35 
ft. apart between intersections. A bulkhead, cut to the exact cross-section of 
the pavement, shall be securely staked in place at right angles to the cen- 
ter line and surface of the pavement. The premolded joint filler shall be 
placed against the bulkhead and held in position by pins on which there 
is an outstanding lug. Before the bulkhead is removed concrete shall be 
deposited on both sides of it. After the concrete has been brought to the 
proper crown the bulkhead shall be removed by lifting it slowly from one 
end and replacing it with concrete as it is lifted, so that the joint filler 
will be left in the correct position. 


16. When expansion joints are made at the end of the day’s work 
they shall be formed by finishing the concrete to the bulkhead, placed as 
before specified. When work is resumed the joint filler shall be placed 
against the hardened concrete and held in position by pins until fresh 
concrete is placed against it. 


17. In pavements with integral curb the joints shall be continuous in 
a straight line through pavement and curb. 


18. Expansion joints in intersections shall be located as shown on the 
plans or as directed by the engineer. 


i 
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19. Before the pavement is opened to traffic the joint filler shall be 
trimmed off to a uniform height of 4 in. above the surface of the pave- 
ment. 


20. The requirements for longitudinal expansion joints shall be as 
specified in VI Joints, paragraph (B) of Specifications for One Course 
Portland Cement Concrete Pavement for Highways. 


(C) Longitudinal Hapansion Joints. 


21. (D) Transverse Construction Joints. 

The requirements for Transverse Construction Joints shall be as speci- 
fied in VI Joints, paragraph (C), of Specifications for Portland Cement 
Concrete Pavements for Highways. 


(EZ) Longitudinal Construction Joints. 


22. These joints, located as shown on the plans, shall divide all pave- 
ments 30 ft. or more in width. 


When the whole width of the pavement is placed in one operation 
longitudinal joints shall be formed by embedding in the pavement a strip 
of galvanized or painted 18 gauge, corrugated sheet metal 1 in. less in 
depth than the depth of the pavement at the joint. The metal shall be 
accurately staked to line and grade by means of pins driven vertically 
through holes provided for that purpose at not more than 4 ft. intervals. 
The pins shall be of mild steel 14 in. in diameter and at least 15 in. long, 
and shall be left in place. The metal strips may be of any length. Punched 
or cut holes shall be provided in the strips at 5 ft. intervals to receive 
4% in. round tie bars. The metal shall be carefully placed in the proper 
location and be vertical when the concrete is deposited about it. 


23. When the pavement is built in successive longitudinal strips lon- 
gitudinal joints shall be formed by painting the edge of sections first built 
with a bituminous paint and depositing the concrete in adjacent section 
against the painted edge. 


24, Deformed bars having .a sectional area -of not less than 0.196 


sq. in. and 4 ft. long shall be placed at 5 ft. intervals across all longi- 
tudinal joints, extending 2 ft. into the concrete on either side of the joint. 


(F) Manhole and Catch-basin Covers. 


25. Manhole and catch-basin covers and all other fixed objects in the 
pavement shall be separated from the concrete by joint filler. 


VII. WATER SUPPLY. 


(A) From City Mains. 
26. Water taken from the city mains shall be paid for by the con- 
tractor at the rate of......per thousand gallons. 
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(B) Priority to Water Supply. 


27. The concrete pavement in place, for ten days after laying, and 
subgrade preparation, shall have prior rights to the water supply. If it 
should develop that there is not sufficient water for all purposes the con- 
crete mixer shall be shut down until the water needs of the curing and 
subgrading operations have been cared for. 


VIII. PROPORTIONING AND MIXING CONCRETE. 
28. The requirements for 


(A) Proportioning. 


(a) Measuring Materials, 
(b) Proportions. 
(B) Mising. 
(a) Operation of Mizer, 
(b) Retempermg, 
(c) Central Mixing Plants, 
(d) Consistency, 


shall be as specified under VIII, Proportioning and Mixing Concrete, in the 
Specifications for One Course Portland Cement Concrete Pavements for 
Highways. 


IX. PLACING CONCRETE AND REINFORCEMENT. 
(A) Inspection of Subgrade. 


29. (a) Re-checking Subgrade—Immediately before placing concrete, 
or any type of reinforcement, the subgrade shall be re-checked by the means 
«provided in Section III (B) of these specifications. 


30. The requirements for 


(b) Condition of Subgrade, 


(B) Placing Reinforcement, 


shall be as specified in Section IX, (b) (B) Specifications for One Course 
Portland Cement Concrete Pavements for Highways. 


(C) Placing Concrete. 


31, The mixed concrete shall be deposited rapidly on the subgrade to 
the required depth and for the entire width between longitudinal joints in 
successive batches and in a continuous operation without the use of inter- 
mediate forms or bulkheads between joints. While being placed, the con- 


SPECIFICATIONS: CONCRETE PAVEMENTS. On 


crete shall be vigorously sliced and spaded, with suitable tools, to eliminate 
voids or honeycomb pockets. The concrete shall be especially well spaded 
and tamped against forms, bulkheads, curbs and gutters. When the con- 
crete is placed in two layers to permit the use of steel reinforcement, the 
first layer shall be roughly struck off with a template or lute at the cor- 
rect elevation to permit placing the reinforcement in the specified position. 
The concrete above the reinforcement shall be placed within 15 min. after 
the first layer has been placed. Any dust, dirt or foreign matter which 
collects on the first layer shall be carefully removed before the upper 
layer is placed. 


32. Whenever the placing of concrete is to be suspended for more 
than 40 min., a transverse joint shall be formed, at the point directed by 
the engineer, to close the section. Any concrete in excess of ‘that needed 
to complete a section, when work is stopped for more than 40 min., shall 
not be used in the pavement. 


X. FINISHING. 
(A) Leveling Surface. 


33. (a) Experienced and skillful workmen shall be employed at all 
times for preparing the surface of the pavement. Between intersections the 
concrete shall be brought to the specified contour by means of a screed or 
template, fitted with handles, and weighing not less than 15 lb. per lin. ft. 
This template may be of steel, or of wood shod with steel. It shall be 
shaped to the contour of the pavement and have sufficient strength to re- 
tain its shape under all working conditions. 


34. The template shall rest on the side forms, curbs or gutters and 
shall be drawn forward with a sawing motion. At transverse joints the 
template shall be drawn not closer than 3 ft. toward the joint, and shall 
then be lifted and set down at the joint and drawn backward away there- 
from. Surplus concrete shall then be taken up with shovels. 


35. After the concrete has been struck off the template shall be used 
as a tamp. In this operation one end of the template shall rest on the 
side support, while the other is lifted and dropped, advancing at such a 
rate that the whole pavement is struck at least once. The opposite end 
shall then be lifted and dropped and advanced in the same manner. In 
no case shall either end be advanced more than 1 ft. ahead of the other. 


36. Or the correct pavement contour may be secured by the use of a 
lute. In that case steel grade stakes provided with lugs shall be driven 
into the subgrade with the top of the lugs accurately set at the elevation 
for the finished pavement. These stakes shall be set at intervals of 10 ft. 
along the subgrade and in a straight line perpendicular to the center line 
of the pavement, one at the center line and one at each quarter point and 
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at as many additional points as the engineer may direct. The concrete 
shall then be spread to the elevation indicated by the stakes. 


37. Cement mortar gathered from the surface of the concrete already 
placed shall not be used in filling boot tracks or stony areas, but such im- 
perfections shall be dug out and refilled with concrete to the depth of the 
reinforcing and worked smooth. No workmen shall then be allowed to 
walk over the area so completed, 


38. The requirements for 


Belting, 

Finishing at Joints and Tooling, 
Longitudinal Floating, 

Trueness of Surface, 


shall be as specified in Section IX, paragraphs ODS oy (Gye CONS (G9)5 
.of Specifications for One Course Portland Cement Concrete Pavements for 
Highways. 


: 
‘ 
4 


XI. CURING AND PROTECTION. 


an jill 4: «hy Seale. «®t 


39. The requirements for 


7“ b 


(A) Burlap Cover, 
_(B) Wet Harth, 


shall be as specified in Section X (A) and (B) of Specifications for One 
Course Portland Cement Concrete Pavements for Highways. 


(C) Sprinkling. 


40. The sprinkling system of curing may be used if approved by the 
Board of Local Improvements. The sprinkling equipment shall be placed 
carefully, and without injuring the concrete surface. The sprinkling sys- 
tem shall be arranged, and supplied with sufficient water at ample pressure, 
to keep every portion of the pavement surface continuously wet (both 
night and day) for 10 days after the concrete is laid. Water flowing off 
the surface of the pavement shall be led to the regular drainage system. 
The contractor shall be responsible for any damage to adjacent property 
by escaping water. 


(D) Ponding. 


41. The ponding system of curing may be used at the option of the 
contractor. All portions of the pavement surface shall be kept continu- 
ously covered with water for 10 days after the concrete is laid. Dikes 
shall be built to hold the water on the pavement. 
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(E) Cleaning. 
42. The requirements for cleaning and for 
(F) Cold Weather Work. 


43. Cold weather work shall be as specified in Section X, (D) and 
(E) of Specifications for One Course Portland Cement Concrete Pavements 
for Highways. 


XII. PROHIBITION OF TRAFFIC. 
(A) Barricades. 


44. The requirements for barricades shall be as specified in -Section 
XI, (A) of the Specifications for One Course Portland Cement Concrete 
Pavements for Highways. 


XIII. CONDITION FOR ACCEPTANCE. 


45. Before the contract will be considered completed and the pave- 
ment ready for acceptance all equipment, surplus materials and construc- 
tion debris of every description shall be removed from the streets and the 
pavement and parkings put in a neat and orderly condition. All man- 
holes, catch-basins or other structures disturbed during construction shall 
be examined and any debris caused by the contractor shall be removed 


therefrom. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR PORTLAND 
CEMENT CONCRETE PAVEMENTS. 


Two-Course PorTLAND CEMENT CONCRETE STREET 
PAVEMENT.* 


J. GENERAL. ; 


1. It is the intent of these specifications to cover the requirements for 
the materials and construction of Portland Cement Concrete Street Pave- 
ments composed of two layers of concrete made with unlike coarse aggre- 
gates, but of the same proportions. 


II. MATERIALS. 


2. The requirements for 
(A) Cement, 


(B) Aggregates, 
(a) Fine Aggregates, 
shall be as specified in Section II, (A), (B) and (a) of Specifications for 
One Course Portland Cement Concrete Pavements for Highways. 
3. The requirements for 
(b) Coarse Aggregate for Bottom Course, 
(c) Coarse Aggregate for Top Course, 


shall be as specified in Section II, (b) and (c) of (B) in Specifications for 
Two Course Portland Cement Concrete Pavements for Highways. 


* Submitted by Committee S-6, on Concrete Roads and Pavements, for an- 


nual meeting, February, 1924. Accepted for Tentative Standard by meeting, 
February 26, 1924. 
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4, The requirements for 
Crushed Rock, 
Pebbles (Gravel), 
Air Cooled Blast Furnace Slag, 
Chatts or Tailings, 
and for 


(d) Mixed Aggregates, 


(C) Waiter, 
(D) Reinforcement, 
(E) Joint Filler, 
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shall be as specified in Section IT, of Specifications for One Course Portland 


Cement Concrete Pavement for Highways. 


III. SUBGRADE. 


5. The requirements for subgrade, including 


) 

) Checking and Acceptance of Subgrade, 
) Aggregates on Subgrade, 
) 


(A 
(B 
(C 
(D) Special Treatment, 


Preparations and Mamtenance of Subgrade, 


shall be as specified in Section III, (A), (B), (C), (D) of Specifications 


for One Course Portland Cement Concrete Street Pavement. 


IV. ADJUSTING STREET STRUCTURES. 


6. Manhole and catch-basin covers, valve boxes and similar existing 
structures within the area to be paved shall be adjusted by the contractor 


to come flush with the pavement surface. 


V. FORMS. 
7. The requirements for 
(A) Materials, 


(a) Wooden Forms, 
(b) etal Forms, 


(B) Setting. 


shall be as specified in Section V, of Specifications for One Course Portland 


Cement Concrete Street Pavements. 
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VI. JOINTS. 
8. The requirements for 


(A) General, 


(B) Transverse Hxpansion Joints, 

(C) Longitudinal Bxpansion Joimts, 
(D) Longitudinal Construction Joints, 
(E) Manhole and Catch-basin Covers, 


shall be as specified in Section VI, (A). and (B), (C), (FE), (F) of Speci- 
fications for One Course Portland Cement Concrete Street Pavements. 


VII. WATER SUPPLY. 


9. The requirements for 


(A) Water Taken from the City Mains, 
(B) Priority to Water Supply, 


shall be as specified in Section VI, of Specifications for One Course Port- 
land Cement Concrete Street Pavements. 


VIII. PROPORTIONING AND MIXING CONCRETE, 
10. The requirements for 


(A) Measuring Materials, 
(B) Proportions, 


(a) Proportioning Concrete With Mined Aggregates, 


C) Mining, 

D) Retempering, 

E) Central Mining Plants, 
) Consistency, 


shall be as specified in Section VIII, of Specifications for Two Course Port- 
land Cement Concrete Pavements for Highways. 


IX. PLACING CONCRETE AND REINFORCEMENT, 
11. The requirements for 


(A) Inspection of Subgrade, 
(B) Condition of Subgrade, 
(C) Placing Reinforcement, 


shall be as specified in Section IX, (A), (B) of Specifiactions for Two 
Course Portland Cement Concrete Pavements for Highways. 


: 
. 
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(D) Placing Concrete. 


12. The mixed concrete shall be deposited rapidly on the subgrade to 
the required depth and for the entire width between longitudinal joints, 
without the use of intermediate forms or bulkheads between joints. While 
being placed the concrete shall be vigorously sliced and spaded with suit- 
able tools to eliminate voids or honeycomb pockets. The concrete shall be 
especially well spaded and tamped adjacent to forms, bulkheads and curbs. 
The bottom course shall be brought to the correct elevation and contour 
with a template or lute. The top course shall be placed within 15 min. 
after the bottom course. Any dust, dirt or foreign matter which collects 
on the surface of the bottom course shall be carefully removed before the 
top course is placed. 


13. Whenever, because of a breakdown, or for any other reason, the 
placing of concrete will be stopped for more than 40 min., a transverse 
joint shall be formed at the point directed by the engineer, to close the 
section. Both the top and bottom courses shall be completed to this joint. 
Any concrete in excess of that needed to complete a section, when work is 
stopped for more than 40 min., shall not be used in the pavement. 


X. FINISHING. 
14. The requirements for 
(A) Leveling Surface 


ehall be as specified in Section X, (A) of Specifications for One Course 
Portland Cement Concrete Street Pavements. 


The requirements for 


(B) Belting, 

(C) Longitudinal Floating, 

(D) Finishing at Joints and Tooling, 
(E) Trueness of Surface, 


shall be as specified in Section IX, paragraphs (D), (b), (d), (e), (f), 
of Specifications for One Course Portland Cement Concrete Pavement for 
Highways. 


XI. CURING AND PROTECTION. 


15. The requirements for 


(A) Burlap Cover, 
(B) Wet Harth, 


shall be as specified in Section X, (A) and (B) of Specifications for One 
Course Portland Cement Concrete Pavement for Highways. 


| 
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16. The requirements for 


(C) Sprinkling, 
(D) Ponding, 
(E) Cleaning, 


. (F) Cold Weather Work, 


, 


shall be as specified in Section XI, (C), (D), (£), (F) of Specifications 
for One Course Portland Cement Concrete Street Pavement. 


XII. PROHIBITION OF TRAFFIC. 


17. The requirements for 
(A) Barricades 


shall be as specified in Section XI, of the Specifications for One Course 
Portland Cement Concrete Pavements for~Highways. 


XIII. CONDITION FOR ACCEPTANCE. 
18. The requirements 


shall be as specified in Section XIII, of Specifications for One Course Port- 
land Cement Concrete Street Pavement. 


DISCUSSION OF HIGHWAY AND PAVEMENT SPECIFICATIONS. 


Hi. E. Breep (by letter).—The position of the American Concrete In- 
stitute is unique. So authoritative is its voice that whatever it approves 
stands as the last word in concrete construction. It is on this account 
that I beg the consideration of the Institute before it accepts as final the 
Specifications now before it for Concrete Highway Construction. 

It is needless for me to expatiate here upon the importance of securing 
the best construction of our highways, or upon the part these specifications 
will play in such construction. My purpose is to urge that these specifi- 
cations as printed be returned to the committee for further consideration 
in the light of more complete knowledge. Your committee, of which I am 
a member, has succeeded in holding but one meeting this past year, when 
at Atlantic City, we made the best rapid draft that we could, which, later 
put into commendable shape by Mr. lige, is now in your hands. The value 
of the printing of this draft, as I see it, is that it may provoke discussion 
and comment. I should be loath to have it stand as our best opinion or 
as representing the mature judgment of the Institute. In another year I 
believe we shall be in a position to make an authentic report, including 
with it a revision of recommended practice, upon which the Institute may 
take definite action. 

I believe that we shall be in a position to present an improvement 
over the specifications for the following reasons: 


1, Some members of Committee of Aggregates are pursuing intensive 
research whose results, to be announced later, should be embodied in a 
final specification. Surface erosion and spalling of cracks seem frequent 
where certain classes of aggregates are used. Our specifications should 
tend to eliminate those aggregates. At present they do not accept in gen- 
eral terms without significance to the average engineer. 

2. Test highways, especially the Bates Road, have shown the need for 
an interlocking joint. This year’s work will ascertain the best form of 
such joint, which should be embodied in the specifications. 

3. The sections on reinforcement or binding steel as they now stand 
are open to questions which further discussion might clarify and which 
this year’s experiments and experience may answer. 

4. The sections on subgrade can be greatly improved by incorporating 
into them whatever is valuable in the complete published reports of the 
Bureau of Public Roads, not available when we met, and of other bodies 
experimenting and reporting to the National Highway Research Council. 

W. M. Acurson.—We propose to go on and draft a recommended 
practice which we hope to have in the hands of the Institute next year. 

I believe the aggregates in the present specifications are as good as 
could be arrived at. They are the aggregates practically used in two, 
three or four of the large states, and I cannot see any reason why that 
request should receive any consideration. These highways, and especially 
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the Bates road, have shown the need of an interlocking joint. This year’s 
work will ascertain the best type of such joints. I do not believe we should 
hold up the building of roads or the issuing of a set of specifications 
because something has not been developed which is a certainty. 

E. ©. Hueurs.—Last year I had an opportunity to go before the Road 
Committee and got there a day late, and I asked permission to present a 
little statement with regard to rail steel, which was permitted and was to 
go into the proceedings of the convention. My understanding was at that 
time that that statement should go before this committee. Unfortunately 
T have not been able to get in touch with the committee at this meeting. 
There is one question, however, that I would like to bring before the 
meeting. 

The question involves the use, together with billet steel, of rail steel. 
They refer in this specification to the A. S. T. M. specification serial 
A 15-14 alone. The A. S. T. M. has another specification for rail steel 
serial designation A 16-14. I am perfectly frank to say that I know there 
is a good deal of prejudice among some engineers with regard to the use 
of rail steel, but if there is any one place where rail steel might be used, 
it certainly is in road building, and I feel that they do not specifically 
eliminate, but they refer specifically to this specification A 14-15, which 
does eliminate rail steel. I feel that if they would simply refer to the 
specifications of the A. 8S. T. M. A 15-14 and A 16-14, it would give this 
specification more value. From an economic standpoint, it would give 
bidders an opportunity to bid on the different grades of steel. Jf an 
engineer does not want to use it, he does not have to. 

I feel that I have not had an opportunity to appear before this com- 
mittee. I had a talk with Mr. Acheson after the matter was all closed 
up, and he was frank to say that he did not know very much about rail 
steel and he never had seen Prof. Hatt’s report nor the Joint Committee’s 
report on standard specifications, which in their metal reinforcement pro- 
vision includes both grades of steel. It seems to me that if this is to he 
a standard specification, we have never had our day in court, we have 
never had an opportunity to appear before the committee and present our 
side of this matter. We would like to have the specification amended to 
include A. S. T. M. Specification A 16-14. 

Mr. Acurson.—Mr. Hughes is right in what he says. I stated that 
as far as my general information connected with re-rolled steel was con- 
cerned, it was not worth much, but I told him we were guided absolutely 
by the committee, and in that committee at that time we took the rules 
governing the New York State Highway Department, the Pennsylvania 
Highway Department, and I think the Hlinois Department, and the com- 
mittee was unanimous in it, and our specifications provide for structural 
steel and intermediate grades. We did what we thought was the very best. 

In this connection I will go a little further. Last year the proposition 
was brought to me for the use of re-rolled steel in our highways, and I 
took it up with the committee and recommended it for the reason that they 
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stated that they could get the bars. We wanted the highway to progress 
and that was very important, and they took it to the testing engineers at 
the Rensselaer Polytechnic Institute, and the report I got back on it was 
that it could not be done. That governed me largely in my attitude and 
vote on the committee. 

There is only one other point I want to bring out. We had our meet- 
ing at Atlantic City. It was determined that we were to have another in 
Syracuse and that was arranged and the three members of the committee 
not here today were the three who wired and informed us that they could 
not arrange their affairs so they could be at that meeting. Now we get 
this eleventh hour letter asking that the specifications be held up for an- 
other year. Personally I am against it. 

Mr. Hucurs.—lf a person has not had an opportunity to appear be- 
fore the committee and present his side of the matter, it is a difficult 
thing to come here and offer an amendment to turn down the committee, 
but I thought there might be a possibility of referring this one provision 
back to the committee. er 

CHAIRMAN HUMPHREY.—A motion to that effect would be in order. 

Mr. Hvuetirs.—I will make that motion, and if it is adopted that will 
give us an opportunity to appear before the committee with proper sup- 
porting data and in that way broaden the scope of the work of the com- 
mittee. (Malion seconded. ) 

CHatrmMslvY HuMpHREY.—The question, as the Chair understands it, is, 
that in this particular paragraph (No. 17 in the major specification) 
there shall be an asterisk with a footnote which will state that the con- 
vention referred this paragraph back to the committee for further consider- 
ation. 

The motion of Mr. Hughes was adopted by a majority vote. 


Origin. 


Use. 


General. 


Cement. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


TENTATIVE STANDARD SPECIFICATIONS FOR PoRTLAND 
CEMENT CONCRETE SIDEWALKS.* 


Submitted by Committee 0-2 on Concrete Floor Finish. 
I. ORIGIN AND USE. 
(A) Origin. 


These specifications are based on “Proposed Revised Specifications for 
Concrete Sidewalks,” and subsequent revisions thereto included in the 
Reports* of the Committee on Sidewalks and Floors of the American Con- 
crete Institute for 1918 and 1919. The specifications as printed herein 
were arranged by Committee C-2, on Concrete Floor Finish, and really con- 
stitute an entire rewriting of the specifications offered by the Committee on 
Sidewalks and Floors in 1918 and 1919. 


(B) Use of Specifications. 


These specifications cover both one and two course sidewalk construc- 
tion. The specifications for materials and construction included in para- 
graphs to and to inclusive, apply to both 
one and two course types of sidewalks. The use of the specifications will 
be facilitated by the following subdivision of them by paragraphs according 
to the type of sidewalk involved: 


For one course sidewalks use Paragraphs 


For two course sidewalks use Paragraphs 


II. MATERIALS. 


1. Before delivery upon the job, and at such other times as the engi- 
neer deems necessary, the contractor shall furnish any required samples of 
the materials hereafter mentioned. Materials shall pass the following 
requirements. 


(A) Cement. 


2. The cement shall meet the requirements of the current Standard 
Specifications for portland cement of the American Society for Testing 
Materials. A sack containing 94 pounds of cement will be considered one 
cubic foot. 


* Printed in Proceedings A. C. I., Vol. XIV, p. 489, with revisions printed in Proceedings 
A, C.1., Vol. XV, p. 413. 
Adopted as Tentative Standard, Annual Convention, February 26, 1924. 
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(B) Fine Aggregate. 


3. The fine aggregate shall consist of clean, hard, durable, uncoated 
particles of sand or stone, free from all organic material. 100 per cent 
shall pass a %4 in. screen and 95 per cent shall be retained on a 100- 
mesh screen. Not more than 25 per cent shall pass a 50-mesh screen. It 
shall be well graded from coarse to fine, and shall contain not more than 
5 per cent by weight of clay or loam, none of which shall be in lumps. 


4. When the fine aggregate is mixed with portland cement in the pro- 
portion of one part cement to three parts fine aggregate by weight, accord- 
ing to the standard method of making Compression Tests of Concrete of 
the American Society for Testing Materials, the resulting mortar at the 
age of 7 and 28 days shall have a compressive strength of at least 
and pounds per square inch respectively. 


(C) Coarse Aggregate. 


5. Coarse aggregate may be broken stone, gravel or blast furnace slag. 


100 per cent of the coarse aggregate shall pass a one inch screen and at 
least 95 per cent shall be retained on a %4 in. screen, with all intermediate 
sizes retained. 


6. The broken stone or gravel shall be clean, hard, durable, uncoated 
rock. It shall contain no vegetable or other deleterious matter and shall 
be practically free from soft, thin, elongated or laminated pieces. 


7. Slag shall be of a quality which has been successfully used in local 


concrete work. It shall comply with the A. 8. T. M. Specification C 33-23 T. 


(D) Water. 


8. Water shall be clean and. practically free from alkali, oils or acid. 


(E) Joint Filler. 


9. The joint filler shall be a suitable elastic waterproof compound that 
will not become soft and run out in hot weather, nor hard and brittle 
and chip out in cold ‘weather, or prepared strips of fiber matrix and bitu- 
men_as approved by the engineer. The strips shall be 14 in. in thickness, 
their width shall at least equal the full thickness of the slab and their 
length shall at least equal the width of the slab at the joint. 


(F) Forms. 
10. Forms shall be of lumber two inches thick, or of steel of equal 
strength, except on curves, where flexible strips may be used. 
(G) Division Plates. 


11. Where division plates are used they shall be of 1% in. steel, as 
wide as the depth of the slab and as long as the width of the walk. 
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(H) Subbase. 


12. Only clean, durable material, such as coarse gravel or steam-boiler 
cinders free from ash or particles of unburned coal shall be used in the 
subbase. (Note.—Eliminate this clause unless subbase is required. ) 


III. CONSTRUCTION. 
(A) Subgrade. 


13. That portion of the ground surface directly beneath the slab shall 
be called the subgrade. 


14. All soft and spongy material in the subgrade shall be removed 
and replaced with suitable material. Fills shall be compacted in layers not 
exceeding six inches in thickness. Spots previously compacted by traffic 
shall be loosened to a depth of six inches. The whole subgrade shall be 
thoroughly and uniformly compacted to a firm surface having as nearly as 
possible a uniform bearing power. 


15. A template, resting upon the side forms and having its lower edge 
at the exact elevation of the subgrade, shall be drawn along the forms be- 
fore any concrete is laid. Any high places in the subgrade shall be re- 
moved so that the template will pass over without being raised off the side 
forms or being tipped at an angle to the sidewalk surface. 


16. The subgrade shall be damp, but not. muddy, when concrete is 


placed upon it. 
(B) Drains. 


17. Where the nature of the subgrade is such as to produce unusual 
frost action, drains of 4 inch concrete tile shall be laid on the lines and 
grades given by the engineer. 


(C) Suwbbase. 


18. The subbase mateyial shall be spread, thoroughly rolled and 
tamped to a surface at least in. below the finished grade of the 
walk. On fills, the subbase shall have the same slope as the sides of the 
fill. 


19. While compacting the subbase, the material shall be kept thor- 
oughly wet, and shall be wet when the concrete is deposited, but shall show 


no pools of water. 
(D) Forms. 


20. Forms shall be held rigidly in place by stakes or braces with top 
edges at true line and grade, to give the walk a slope toward the curb of 
¥, in. per foot of width. Ends of adjoining forms shall be flush. 


21. Forms and division plates shall be thoroughly cleaned and oiled 
each time before they are used. 


SPECIFICATIONS: CONCRETE SIDEWALKS. HO 


(E) Measuring and Mixing. 


22. The method of measuring the materials for the concrete or mortar, 
including water, shall be one which will insure separate and uniform pro- 
portions of each of the materials at all times. A sack of portland cement 
(94 Ib. net) shall be considered one cubic foot. Cement shipped in bulk 
shall be proportioned by weight. 


23. All concrete shall be mixed by machine except when the architect 
or engineer shall otherwise permit under special conditions. A batch mixer 
of an approved type shall be used. The ingredients of the concrete or 
mortar shall be mixed to the specified consistency, and the mixing shall 
continue for at least one minute after all materials are in the drum. The 
drum shall be completely emptied before receiving material for the suc- 
ceeding batch. 


24. When it is necessary to mix by hand, the materials shall be mixed 
dry on a watertight platform until the mixture is of uniform color, the 
required amount of water added, and the mixing continued until the mass 
is of uniform consistency and homogeneous. 


25. Retempering of mortar or concrete which has partially hardened, 
that is, remixing with or without additional materials or water, shall not 
be permitted. 


26. The consistency of the mixed concrete shall be such that no sep- 
aration of the ingredients takes place and some tamping is necessary to 
bring the water to the surface. 


(F) Cold Weather Work. 


27. Concrete shall not be placed on a frozen subgrade or when the 
temperature is, or is liable to be within 24 hours, below 35 degrees Fahren- 
heit, except with the written permission of the engineer, and according to 
his instructions. Freshly placed concrete shall not be allowed to freeze for 
a period of five days after placing. 


(G) Jointing. 
28. The walk shall be cut into separate rectangular slabs. No plain 


concrete slab shall be longer than six feet on any one side. 


29. Division plates shall be removed after-the concrete has hardened 
sufficiently to avoid breaking the edges or corners of the slabs. 


30. Where division plates have not been used, the partially set con- 
crete shall be cut through to the subgrade or subbase. Care shall be 
taken to make the cut at right angles to the surface of the sidewalk. 


31. The surface edges of each slab shall be rounded to a radius of 
about 44 inch. Markings shall be exactly at cuts between slabs. 
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(H) Eapansion Joints. 


32. Expansion joints shall extend from the surface to the subgrade, 
be truly at right angles to the sidewalk surface and be made by putting 
the specified joint filler in place before placing the concrete. They shall 
be placed as follows: 


(a) 33. At or near all places where the sidewalk line intersects a 
curb line or other sidewalk a one inch expansion joint shall be made at 
right angles to the center line of the walk. 


(b) 34. When the sidewalk fills the space between the curb and the 


building line a 14 in. expansion joint shall be placed between the curb and °* 


the sidewalk, and between the sidewalk and the building. 


(c) 35. A 1% in. expansion joint shall be made across the walk at 
approximately 50-ft. intervals. 


(1) Curing and Protection. 


36. As soon as the concrete has set sufficiently it shall be sprinkled 
and kept moist until covered. As soon as it can be done without damage 
to the walk it shall be covered with two inches of earth or sand which 
shall be kept wet seven days. The walk shall then be cleaned and opened 


to traffic. 


Thickness and 
Proportions. 


Placing. 


Finishing. 


37. The contractor shall protect the concrete from damage by rain, 
pedestrians and animals, with suitable covers and barricades, and by red 
lights at night. 


IV. ONE COURSE WORK. 


(A) Thickness and Proportions. 


38. The sidewalk shall consist of one 5 in. course of concrete in the 
proportion of one part of portland cement, two parts of fine aggregate and 
three parts of coarse aggregate. 


(B) Placing and Finishing. 

39. The freshly mixed concrete shall be placed immediately on the 
prepared subgrade. It shall then be struck off and tamped with a straight- 
edge resting upon the side forms and advanced with a crosswise sawing 
motion. 


40. It shall then be floated with a wooden float until the surface has 
a true surface and the concrete is thoroughly compacted. 


V. TWO COURSE CONSTRUCTION. 


41. The above specifications shall govern the construction of two- 
course sidewalks except Paragraph 38, “Thickness and Proportions,” and 
Paragraphs 39 and 40, “Placing” and “Finishing,” which shall be replaced 
by the following: 
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= (A) Thickness Proportions. 


42. Two course sidewalks shall consist of a base 4Y, in. thick com- Thickness and 
posed of concrete in the proportions one part portland cement, three parts ie re 
of fine aggregate and five parts coarse aggregate and a top coat % in. 
thick composed of mortar in the proportions one part portland cement and 
two parts fine aggregate. 

(B) Base. 


43. The base shall be deposited on the subgrade and thoroughly com- Laying Base. 
pacted by tamping. It shall then be struck off by a template which shall 
leave it nowhere less than 34 of an inch below the finished surface. 


(C) Wearing Surface. 


44. Within 45 minutes after the bottom course is laid and before the Laying. 
initial set has taken place, the material for the wearing surface shall be 
placed and brought to the established grade by means of a strike board. 


(D) Finishing. 


45. After the wearing course has been brought to the established Finishing. 
grade it shall be worked with a wood float in a manner which will thor- 
oughly compact it and provide a surface free from depressions or irregu- 
larities of any kind. 


N. M. Loney, Chairman, 
A. C. Irwin, Secretary. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR CONCRETE FLOORS. * 
I. APPLICATION AND Uses 


A. FOREWORD 


These “Standard Specifications for Concrete Floors” of the American 
Concrete Institute, with supplementary notes explaining and amplifying 
the specifications were prepared by the Committee on Concrete Floor 
Finish. The specifications are printed on the left hand pages and the 
notes on the right hand pages, in order to facilitate cross reference. 


B. APPLICATION OF SPECIFICATIONS 


These specifications apply to floors in buildings, whether subjected 
to moderate or heavy traffic, and cover the laying and finishing of the 
floor; also its protection during early hardening. 


C. USE OF SPECIFICATIONS 


For architects, engineers and others desiring to embody these specifi- 
cations in their general specifications covering a particular piece of work, 
the following outline of the paragraphs necessary to meet different con- 
ditions will prove convenient: 


Floors Laid on Ground:—Moderate or Light Traffic. 
Two-Course—Paragraphs 1-19 (except 8); 34-52; 54-57. 
One-Course—Paragraphs 1-19 (except 8); 34-47; 58-62. 


Floors Laid on Ground:—Heavy Traffic, 
Two-Course—Paragraphs 1-19; 34-51; 53-57. 


Reinforced-Concrete Floors:—Moderate or Light Traffic, 
Paragraphs 1-26 (except 8); 28-33. 


Reinforced-Concrete Floors:—Heavy Traffic: Paragraphs 1-25; 
27-33. 


* As printed in Proc., A.C.1., vol. XIV, 1918, p. 496, with revisions printed in Proc. 
A.C.1., vol. XV, 1919, p. 413, and as revised by Committee C-2 on Concrete Floor Finish 
1922. Accepted by Annual Meeting, January, 1923. Adopted as Standard by letter ballot 
April 29, 1924, 
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II. MATERIALS 


A. PORTLAND CEMENT 


1. Portland’ cement shall meet the requirements of the current Standard 
Specifications for Portland Cement adopted by the American Society for 
Testing Materials. 
B. AGGREGATES 

2. Before delivery on the job, the contractor shall submit to the archi- 
tect or engineer a fifty (50) Ib. sample of each of the aggregates proposed 
for use. These samples shall be tested, and if found to pass the require- 
ments of the specifications, similar material shall be considered as accept- 
able for the work. In no case shall aggregate containing frost or lumps 
of frozen material be used. 

Crusher run stone, bank run gravel or mixtures of fine and coarse 
aggregate prepared before delivery on the work shall not be used. 


C. FINE AGGREGATE 


3. Fine aggregate shall consist of natural sand or screenings from hard. 
tough crushed rock or gravel consisting of quartz grains or other hard 
material, clean and free from any surface film or coating and graded from 
fine to coarse, with the coarse particles _predominating. 


4, Fine aggregate, when dry, shall pass a screen having four (4) meshes 
to the linear inch; not more than twenty-five (25) per cent shall pass 
a sieve having fifty (50) meshes per linear inch and not more than five 
(5) per cent shall pass a sieve having one hundred (100) meshes per 
linear inch. 


5, Fine aggregate shall not contain injurious vegetable or other organic 
matter as determined by the colorimetric test nor more than five (5) 
per cent by volume of clay or loam. Field tests may be made by the 
architect or engineer on fine aggregate as delivered at any time during 
the progress of the work. If there is more than seven (7) per cent of 
clay or loam by volume in one (1) hour’s settlement after shaking in 
one hundred (100) per cent excess of water, the material represented by 
the sample shall be rejected. 


6. Fine aggregate shall be of such quality that mortar composed of one (1) 
part portland cement and three (3) parts fine aggregate, by weight, when 
made into briquets, shall show a tensile strength at seven (7) and 
twenty-eight (28) days at least equal to the strength of briquets com- 
posed of one (1) part of the same cement and three (3) parts standard 
Ottawa sand, by weight. The percentage of water used in making the 
briquets of cement and fine aggregate shall be such as to produce a mortar 
of the same consistency as that of the Ottawa sand briquets of standard 
consistency. In other respects all briquets shall be made in accordance 
with the methods of testing cement recommended by the American Society 
for Testing Materials. (See Standard Specifications and Tests for Port- 
land Cement of the A. S. T. M. Serial Designation C 9-21.) 
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II. Marsriazus 


Aggregates. Many kinds of stone, from very hard quartzite to 
soft limestone, are crushed to the required sizes and used as concrete 
aggregates. Similarly, many varieties of pebbles are used. The natural 
tendency is to use materials at hand; but if aggregates are not of good 
quality or if they contain too much clay or other impurities, a poor 
concrete will result. Hence it is highly important that the aggregates 
be tested unless their quality is known. 

The use of frozen aggregates results in very inferior concrete. 
Lumps of ice and frozen gravel go through the mixer and into the 
forms without being combined with the cement. When they thaw out, 
voids or stone pockets are left in the concrete. 

Aggregates are usually considered as belonging to one of two 
classes: Fine aggregate, composed of sand or stone screenings, and 
coarse aggregate, composed of crushed stone or pebbles, the line of 
division, purely an arbitrary one, being marked by the screen having 
¥,-in. meshes. This division provides a simple and customary means 
of properly proportioning the aggregate as a whole. 

Unwashed materials may contain clay or organic impurities, com- 
paratively small amounts of which may have ruinous effects on con- 
crete. More than seven (7) per cent of clay by volume may cause a 
serious loss of strength of the concrete, while even smaller amounts if 
present as a surface film on the particles, reduce the strength of con- 
crete by preventing proper bonding with the cement. A recent series 
of tests at the Structural Materials Research Laboratory showed that 
the presence of organic matter to the extent of only 1/1000 part of the 
weight of the fine aggregate may decrease the strength of the result- 
ing concrete by twenty-five (25) per cent. The field test for clay or 
loam and the colorimetric test for organic matter are simple methods 
for determining the presence of such impurities. 

The colorimetric test may be applied in the field as follows: Fill 
a twelve (12) ounce graduated prescription bottle to the four and 
one-half (4%) ounce mark with the sand to be tested. Add a three 
(3) per cent solution of sodium hydroxide until the volume of sand 
and solution, after shaking, amounts to seven (7) ounees. Shake thor- 
oughly and let stand for twenty-four (24) hours. The sample shall 
then show a practically colorless solution, or at most a solution not 
darker than straw color. 

The hardness of the aggregate is a feature to be considered, but 
it is of lesser importance in influencing the strength or resistance to 
abrasion of concrete, than the methods of mixing and placing and of 
protecting the floor during the early hardening period. However, 
where great resistance to abrasion is essential, as in the construction 
of floors that will be subjected to heavy trucking, the hardness of the 
ageregate (particularly for the wearing course, if there is one) becomes 
most important, and in such cases the use of small pebbles or small 
pieces of hard crushed rock (No. 1 aggregate for wearing course) is 
desirable. If used in the proportions given in paragraph 27, such 
aggregate will help to produce a harder and more wear-resistant 
surface. 

To secure good concrete the coarse aggregate should have a 
maximum size of approximately two (2) inches for plain concrete 
and 1in. for reinforced work. Slabs less than four (4) inches thick 
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D. COARSE AGGREGATE 


7. Coarse aggregate shall consist of clean, hard, tough, crushed rock or 
pebbles graded in size, free from vegetable or other organic matter, and 
shall contain no soft, flat or elongated particles. The size of the coarse 
aggregate shall range from one and one-half (14%) in. down, not more 
than five (5) per cent passing a screen having four (4) meshes per linear 
inch, and no intermediate sizes shall be removed. 


8. No. 1 aggregate for the wearing course shall consist of clean, hard, 
tough, crushed rock or pebbles, free from vegetable or other organic matter, 
and shall contain no soft, flat or elongated particles. It shall pass 
when dry a screen having three-eighths (%¢) in. openings and not more 
than ten (10) per cent shall pass a screen having four (4) meshes per 
linear inch. 


E. WATER 
9. Water shall be clean, free from oil, acid alkali or vegetable matter. 


F. COLOR 


10. If artificial coloring matter is required, only those mineral colors 
shall be used which, in the amount hereinafter specified, will not appre- 
ciably impair the strength of the cement. 


G. REINFORCEMENT 


ll. The reinforcing metal shall meet the requirements of the current 
Standard Specifications for Steel Reinforcement of the American Society 
for Testing Materials. It shall be free from excessive rust, scale, paint or 
coatings of any character which will tend to reduce or destroy the bond. 


H. JOINT FILLER 


12. The joint filler shall be a suitable compound that will not become soft 
and run out in hot weather, nor hard and brittle and chip out in cold 
weather; or, prepared strips of fiber matrix and bitumen as approved by 
the architect or engineer. The strips shall be one-half (1%) in. in thick- 
ness and their width shall at least equal the full thickness of the slab. 


III. Construction 


A. PROPORTIONING 


13. The method of measuring the materials for the concrete or mortar, 
including water, shall be one which will insure separate and uniform pro- 
portions of each of the materials at all times. A sack of portland cement 
(94 lb. net) shall be considered as one (1) cu. ft. 
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and heavily reinforced may require %in. as a maximum. A well 
graded coarse aggregate generally produces a denser and stronger con- 
crete than an aggregate of uniform size. 


Mixed Aggregate. Sand and pebbles from a pit, or crushed stone 
from a crusher are seldom if ever properly graded for use in con- 
crete. There is nearly always a surplus of fine material from a pit 
and of coarse material from a crusher. That is, if one hundred (100) 
cu. ft. of material from a gravel pit is passed over a one-fourth (4) 
in. screen, perhaps seventy (70) cu. ft. will pass through and forty (40) 
cu. ft. will be retained on the screen. If a proper gradation is obtained 
by the use of two (2) cu. ft. of fine with four (4) cu. ft. of coarse 
material, only 20 cu. ft. of the fine material should be used with the 
forty (40) cu. ft. of pebbles retained on the screen. If the bank-run 
material were used, the resulting proportion would be seven (7) to 
four (4) instead of two (2) to four (4). This is the fundamental objec- 
tion to the use of bank-run material, and a similar objection applies 
to crusher run material. 

Prepared aggregate mixtures, which are sometimes supplied in 
earload lots, develop the same objections because coarse and fine 
materials become somewhat separated in transit so that no two indi- 
vidual wagon loads taken from the car will have the same relative 
proportions of fine and coarse aggregate. It is far better to handle 
the fine and coarse materials separately and combine them in proper 
amounts at the mizer. 


Water. A safe rule for mixing concrete is to use only water which 
is fit to drink. 


Color. Mineral coloring material is preferred to organic coloring 
material, because the latter fades more than mineral colors, and 
because it may seriously reduce the strength of the concrete. Min- 
eral coloring may reduce the strength of concrete somewhat but 
where the quantities used are less than 5 per cent, this is not serious. 
The use of colored aggregates is preferable in obtaining color effects, 
the surface of the floor being brushed or ground to expose the 
aggregate. 


MEASURING AND MIxING 


Proportioning. Uniform proportioning, and uniform consistency of 
concrete are essential for high grade floor construction. If wheel- 
barrows are used to measure the aggregates, a simple method should 
be provided to check occasionally the amounts in the barrows. Boxes 
made to set in the barrows and holding one or more cubic feet are 
useful. Some barrows are built with level tops so that they may be 
struck off to known capacity. A small tank capable of delivering a 
fixed volume of water for each batch insures a more nearly uniform 
consistency than can be obtained when water is added by means of 
a pail. Batch mixers are now generally equipped with water measur- 
ing devices. 
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B. MIXING 


14, All concrete shall be mixed by machine except when the architect or 
engineer shall otherwise permit under special conditions. A batch mixer 
of an approved type shall be used. The ingredients of the concrete or 
mortar shall be mixed to the specified consistency, and the mixing shall 
continue for at least one (1) minute after all the materials are in 
the drum. Raw materials shall not be permitted to enter the drum until 
all the material of the preceding batch has been discharged. 


15. When it is necessary to mix by hand, the materials shall be mixed dry 
on a watertight platform, until the mixture is of uniform color, the 
required amount of water added, and the mixing continued until the mass 
is of uniform consistency and homogeneous. 


16. Retempering of mortar or concrete which has partially hardened, that 
is, mixing with or without additional materials or water, shall not be 
permitted. : . hentia 


C. CURING 


17. As soon as the finished floor has hardened sufficiently to prevent 
damage thereby, the floor shall be covered with at least one (1) in. of wet 
sand, or two (2) in. of sawdust, which shall be kept wet by sprinkling with 
water for at least ten (10) days. 


18. The freshly finished floor shall be protected from hot sun and drying 
winds until it can be sprinkled and covered as above specified. The con- 
crete surface must not be damaged or pitted by raindrops, and the con- 
tractor shall provide and use when necessary sufficient tarpaulins to 
completely cover all sections that have been placed within the preceding 
twelve (12) hours. 


D. TEMPERATURES BELOW 40° F. 


19. If at any time during the progress of the work the temperature is, or 
in the opinion of the architect or engineer will, within twenty-four (24) 
hours, drop to 40 degrees Fahrenheit, the water and aggregates shall be 
heated and precautions taken to protect the work from freezing for at least 
five (5) days. 
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Machine Miazimg. Concrete must be thoroughly mixed before it is 
deposited in the forms. Experiments have shown that the strength of 
concrete increases rapidly with the time of mixing up to one minute. 
The rate at which the mixer revolves i. e. between 12 and 25 R. P. M. 
has little influence on the strength of concrete. A small mixer should 
not be speeded up where it is necessary to place a large volume of 
concrete in a short time, because insufficient mixing decreases the 
strength of concrete. If a given mixer cannot mix enough concrete 
thoroughly in the available time, a second mixer or a larger one should 
be provided. Continuous mixers do not produce as uniform concrete 
as do batch mixers and are therefore not recommended. 


Hand Mixing. Where large volumes of concrete are to be placed, 
hand mixing will generally be found more expensive than machine, 
but good results may be obtained with hand mixing if the specifica- 
tions are carefully followed. 


Retempering. Concrete or mortar should be deposited in place as 
soon as possible after mixing; otherwise it becomes partially hardened. 
If that happens it should be thrown out because it will not attain its 
full strength even if remixed with other materials. 

The hardening of concrete is a process which requires time and 
the presence of moisture. The more thorough the process the harder 
and stronger the concrete. As mentioned hereafter, it is important 
that a minimum amount of water be used in mixing the concrete, but 
after the concrete is deposited in place, it is even more important that 
its water content be retained and not allowed to drain off or evaporate. 
Drenching the subbase with water before depositing the concrete 
reduces the loss of water from below by gravity or capillary action, 
but that alone is not sufficient: Evaporation from above must also 
be prevented. A common method of protecting the concrete so as to 
retain its water content is to cover the surface with damp earth or 
sawdust as soon as it has hardened sufficiently to prevent injury 
thereby, and then to keep the sand damp by frequent sprinkling. 
Where feasible, an excellent method is to build small dams of clay 
or other suitable material around the floor, and then flood it with a 
few inches of water. In other cases a covering of wet burlap has been 
found satisfactory. This protection should be continued for at least 
ten days, and if possible for three weeks. Laboratory tests have shown 
that protecting the surface of a concrete floor in this manner for the 
first ten days will increase the compressive strength and resistance 
to wear fifty (50) per cent. (‘“Proceedings,” American Concrete Insti- 
tute, 1921, p. 251.) In other words, this one item of ten (10) days’ 
protection will give the owner of a concrete floor fifty (50) per cent 
greater value for his money. Still better results will be obtained if 
this protection can be continued for three weeks, or longer if 


practicable. 


Temperature Below 40° F. If concrete is allowed to freeze during 
the early hardening period, it may be seriously damaged and its 
hardening will be greatly delayed. Warmth as well as moisture is 
necessary for the proper hardening of conerete, so that the concrete 
should have a temperature of at least 60° I’. when deposited and 
provision made to maintain this temperature for at least 5 days. 
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IV. RetmnrorceD-CoNCRETE FLOORS 


For reinforced-concrete floors the following will apply in addition to 

paragraphs 1 to 19 incl. 
A. FORMS 

20. The forms shall be substantial, unyielding and so constructed that 
the concrete will conform to the designed dimensions and contours, and 
shall also be tight to prevent the leakage of mortar. The supports for 
floors shall not be removed until the concrete has hardened sufficiently and 
then only with the consent of the engineer or architect in charge. Perma- 
nent shores shall be placed in such a manner as to assure safety of the 
floors after temporary supports are removed. 


B. REINFORCEMENT 


21. Reinforcing metal shall be provided as called for on the plans. It 
shall be placed as indicated and mechanically held in position so that it 
will not become disarranged during the depositing of the concrete. When- 
ever it is necessary to splice tension reinforcement, the character of the 
splice shall be such as will develop its full strength. Splices at points of 
maximum stress shall be avoided. Splicing by lapping bars without con- 
tact and with space between bars along the overlap equal to twice the 
thickness of the bars is preferable to mechanical splices or clamps. 


C. CONCRETE SLAB 


22. The concrete shall be mixed in the proportions by volume of one (1) 
sack of portland cement, two (2) cu. ft. of fine aggregate and four (4) 
cu. ft. of coarse aggregate. 


23. Only sufficient water shall be used to produce a workable plastic mix, 
which will flow sluggishly into the forms and around the reinforcement 
and which can be conveyed from the mixer to the forms without the 
separation of the coarse aggregate from the mortar. 


24. The concrete shall be placed in a manner to insure a smooth ceiling, 
and thoroughly worked around the reinforcement and into the recesses 
of the forms. Concrete shall be deposited in its final position as soon as 
possible after mixing. It shall be struck off to a surface at least one (1) 
in. below the established grade of the finished surface of the floor. Work- 
men shall not be permitted to walk in freshly-laid concrete, and if sand 
or dust collects on the base, it shall be carefully removed before the wearing 
course is applied. 


25. When it is necessary to make a joint in a floor slab, its location shall 
be designated by the architect or engineer; joints to be vertical. 
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REINFORCED-ConcRETE FLOORS 

Forms. When forms carrying concrete floors sag out of place 
before the concrete has hardened it is very difficult to force them 
back into position. Therefore, care should be taken before placing 
is commenced to have the forms and false work of such strength 
that there is no danger of sagging or failure. 

The weight of a reinforced concrete floor is sometimes nearly 
equal to the load it is expected to carry. If sufficient time is not 
allowed for hardening there is possibility of failure, whereas an excel- 
lent floor would have resulted had it been allowed to harden properly 
before the supports were removed. This is especially true in cold 
weather, because concrete, without proper protection hardens vwery 
slowly if at all when the temperature is below 40 degrees. Hence 
it is safe to assume that a concrete floor gains practically no strength 
during the time exposed to low temperature. 

Reinforcement. The value of reinforcing steel depends upon position 
as well as quantity of steel. The designed strength of a floor is based 
on the assumption that the steel will be in the position shown on the 
plans. If the reinforcing is out of place its value will be decreased, or 
it may be subjected to possible corrosion because of insufficient pro- 
tecting concrete below. A three-fourth (34) inch covering should be 
the minimum and should be increased as conditions may require. 


CONCRETE SLAB 

Consistency. Few engineers and contractors realize the damage 
caused by the use of too much water in mixing conérete. The state- 
ment is frequently made that excess mixing water does no harm 
because it soon runs off or evaporates, and that very wet concrete 
gains strength more rapidly than dry concrete, but this is not correct. 
A series of tests made at the Structural Materials Research Labratory, 
Chicago, shows that the quantity of mixing water is probably the most 
important factor affecting the strength and durability of concrete, and 
that down to a point lower than can be reached in ordinary concrete 
work, the smaller the quantity of mixing water, the stronger will be 
the concrete. The use of one (1) pint more water than necessary in a 
one (1) bag batch decreases the strength and resistance to wear of the 
resulting concrete as much as though two (2) or three (8) pounds of 
cement were left out. Concrete of sloppy consistency has less than 
half the strength of concrete of the same proportions mixed with the 
proper amount of water. Therefore the best rule is to use the mini- 
mui quantity of water that will produce a workable, plastic, mix. 

For reinforced concrete a somewhat wetter consistency is necessary 
in order that the mixture will settle readily around the reinforcing bars 
and fill all the spaces between them, but considerably less water should 
be used than is customary, and much better concrete would then result. 

The slump test is a simple method for determining the proper con- 
sistency for the work in hand. A frustum of a cone, four (4) ins. in 
diameter at the top, 8 inches at the bottom and twelve (12) ins. high, 
made of sheet metal, is filled with the mixture to be tested, the concrete 
being puddled with a pointed metal rod while the cone is being filled. 
The cone is immediately lifted off and the settlement or slump noted. 
For a plain concrete floor slab the proper slump is one (1) in. to one 
and one-half (114) to one (1) in., and for a reinforced-concrete floor 
slab, two (2) in. to two and one-half (24) in. A greater slump indi- 
cates the use of too much water. In some cases where the reinforce- 
ment is complicated, the strength may be retained by adding a sufficient 
amount of cement to keep the water-cement ratio unchanged. 

Joints. Floor finish should not be divided or scored or blocked 
off by scoring tools except at structural expansion joints as this leads 
to rapid wear when subject to impact of traffic wheels, 
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D. WEARING COURSE 


26. (Mixture No. 1) The mortar shall be mixed in the proportions of 
one (1) sack of portland cement, and two (2) cu. ft. of fine aggregate. 
The minimum thickness shall be three-quarters (94) in. 


27. (Mixture No. 2) The mortar shall be mixed in the proportions of 
one (1) sack of portland cement, one (1) cu. ft. of fine aggregate and 
one (1) cu. ft. of No. 1 aggregate for wearing course. The minimum 
thickness shall be three-quarters (%4) inch. 


28. The mortar shall be of the dryest consistency possible to work with 
a sawing motion of the strikeboard. 


29. The wearing course shall be placed immediately after mixing. It 
shall be deposited on the fresh concrete~of the base before the latter has 


strikeboard. 


Note. When placing the wearing course after the concrete slab has 
hardened, eliminate paragraph 29 and substitute paragraphs 30 and 31. 


30. The surface of the slab shall be thoroughly roughened by picking or 
other means and cleaned of all dirt and debris. 


31. The slab shall be thoroughly moist but free from pools of water when 
the grout and mortar for wearing course is placed. A neat cement grout 
shall be brushed on the surface of the slab, the wearing course immediately 
applied and brought to the established grade with a strikeboard. Grout 
and mortar shall be used within forty-five (45) minutes after mixing 
with water. 


32. After the wearing course has been brought to the established grade by 
means of a strikeboard, it shall be worked with a wood float in a manner 
which will thoroughly compact it and provide a surface free from depres- 
sions or irregularities of any kind. When required, the surface shall be 
steel-troweled, but excessive working shall be avoided. A mixture of dry 
cement, sand and number one aggregate may be applied to the fresh con- 
crete of the base for a wearing course, but in no case shall dry cement or 
a mixture of dry cement and sand be sprinkled on the surface of the wearing 
course to absorb moisture or to hasten the hardening. eu) methods not 
conflicting with these specifications may be used. 


33. If artificial coloring is used, it must be incorporated with the entire 
wearing course and shall be mixed dry with the cement and aggregate until 
the mixture is of uniform color. In no case shall the amount of coloring 
exceed five (5) per cent of the weight of the cement. 


a 
} 
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WEARING COURSE 


: Proportions and Thickness. Hither of the two (2) mixes specified 
insures an excellent finish. As indicated in notes on aggregates, how- 
ever, the No. 2 mixture using small pebbles or stone chips with sand 
resists abrasion better than No. 1 mixtures and is preferred where the 
floor will be subjected to heavy traffic. 


Consistency. The above remarks on the consistency of the concrete 
for the slab apply with equal or added force to the wearing course, 
for this is the part of the floor which must withstand all the abrasive 
action of traffic. 


Placing. Where possible, the wearing course should be placed 
before the base course has hardened appreciably, because this insures 
a good bond and a practically monolithic floor. In case this is not 
possible, or when it is necessary to renew the wearing course on an old 
floor, the precautions given in paragraphs 380 and 81 should be care- 
fully observed. Failure to do so may cause a poor bond, which may 
allow the wearing course to work loose from the base, crack and break 
up under traffic. Roughening the slab gives a mechanical bond. The 
slab should obviously be free from dirt and refuse. In order to reduce 
absorption of water from the fresh wearing course, which would pre- 
vent it from hardening properly, the slab should be moist, but not 
covered by a film of water, which might affect the bond. A grout of 
neat cement painted or brushed into the surface of the slab just before 
the wearing course is placed insures a thorough bond. Tests made by 
the Bureau of Standards have shown this to be more effective than 
special treatments. If these precautions are followed and the surface 
protected properly while hardening, a satisfactory, wear resistant floor 
will be secured. 


Finishing. Working the surface of a concrete floor with a wood 
float smooths out any inequalities and compacts the surface without 
drawing to the top the finer particles of cement and sand. All of this 
adds to the value of the floor. Working with a steel trowel gives a 
smoother finish, but excessive troweling tends to bring fine particles 
in the mixture to the surface. ‘These fine particles are not firmly 
cemented together and loosen rapidly under traffic, thus causing objec- 
tionable dust. The same objectionable feature results from sprinkling 
dry cement or a dry mixture of cement and sand on the finished 
surface. 

In all cases, as soon as the floor has hardened sufficiently, it should 
be protected from too rapid drying by a covering of damp sand or by 
flooding with water. 

Reference to special methods will permit the use of the so-called 
“monolithic method” of finishing concrete floors in buildings, but pro- 
hibits the practice of drying up excess water on the surface of a 
wearing course by dusting on a drier. 


Coloring. ‘See previous remarks on page 493. 
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V. Puarn Concrete FLoors 

For plain concrete floors the following will apply in addition to para- 

graphs 1 to 29 incl. 
A. SUBGRADE 

34. All soft and spongy places shall be removed and all depressions filled 
with suitable material which shall be thoroughly compacted in layers not 
exceeding six (6) in. in thickness. The subgrade shall be thoroughly 
tamped until it is brought to a firm, unyielding surface. 


35. All fills shall be made in a manner satisfactory to the architect or 
engineer. The use of muck, quicksand, soft clay, spongy or perishable 
material is prohibited. 


36. When required, a suitable drainage system shall be installed and con- 
nected with sewers or other drains indicated by the engineer. 


37. The subgrade shall not be less than . 
surface of the floor. 


Note. Subgrade is to be in. below the finished surface of the floor 
when subbase is not required, and at least in. below when subbase 
is required. 


in. below the finished 


B. SUBBASE 


(Omit these sections when subbase is not required.) 
38. Only clean, hard material, such as coarse gravel or steamboiler cinders, 
free from ash or particles of unburned coal, shall be used in the subbase. 


39. The material as specified shall be spread on the subgrade thoroughly 
rolled or tamped to a surface at least in. below the finished grade of 
the floor. On fills, the subbase shall extend the full width of the fill. 


40. While compacting the subbase, the material shall be kept thoroughly 
wet, and shall be in that condition when the concrete is deposited. 


Cc. FORMS 


41. Forms shall be free from warp and of sufficient strength to resist 
springing out of shape. 


42. The forms shall be well staked or otherwise held to the established 
lines and grades and their upper edges shall conform to the established 
grade of the floor. 


43. All wood forms shall be thoroughly wetted and metal forms oiled or 
coated with soft soap or whitewash before depositing any material against 
them, All mortar and dirt shall be removed from the forms that have 
been previously used. 
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Subgrade. Where concrete floors are laid directly on the ground, 
it must be firm and unyielding in order to support the floor properly. 
Spongy places cause the floor to settle unevenly and crack. If natural 
drainage is poor so that the subgrade may become saturated with 
water, a Suitable drainage system should be provided, not only to 
prevent settlement, but also, in the case of basements, to insure 
watertightness. 

If the subgrade is of sand or gravel the floor can be laid directly 
upon it; otherwise a layer of coarse gravel or steam boiler cinders at 
least six (6) inches thick should be spread upon the subgrade and 
thoroughly compacted by wetting and rolling or tamping. A coarse, 
durable material is obviously necessary for this purpose. 

As mentioned on page 11 the subbase should be wet when the 
conerete is deposited, in order to minimize loss of water from the 
conerete by absorption. 


Forms. Forms for concrete, whether wood or metal, are more 
easily stripped and leave a smoother finish if they are coated with 
paraffin or some other oil before the concrete is deposited. Soft soap 
or whitewash answer the same purpose. For further discussion see 
page 9. 
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D. LIMITING CONDITIONS 
44, The slabs or independently-divided blocks when not reinforced shall 
have an area of not more than one hundred (100) sq. ft., and shall not 
have dimensions greater than ten (10) ft. Larger slabs shall be reinforced 
as hereinafter provided. 


45. The thickness of the floor shall be not less than inches. 


46. When required by the architect or engineer in“charge, a one-half (1%) 
inch space or joint shall be left between the floor and the walls and columns 
of the building, to be filled with the material before specified under “Joint 
Filler.” 7 : 


47. Where required by the architect or engineer in charge, the edges of 
the slabs at the joints shall be protected by metal. Unless protected by 
metal, the upper edges of the slabs shall be rounded to a radius of one- 
half (44) inch. 


VI. Two-Coursrt PuaIn ConcrETE FLOOR 


A. CONCRETE BASE 


48. The concrete shall be mixed in the proportions by volume of one (1) 
sack of portland cement, two and one-half (2%) cu. ft. of fine aggregate 
and five (5) cu. ft. of coarse aggregate. 


49. The materials shall be mixed wet enough to produce a concrete of a 
consistency that will flush readily under slight tamping, but which can 
be handled without causing a separation of the coarse aggregate from 
the mortar. 


50. After mixing, the concrete shall be handled rapidly and the successive 
batches deposited in a continuous operation completing individual sections 
of the required depth and width. Under no circumstances shall concrete 
that has partly hardened be used. The forms shall be filled and the con- 
crete struck off and tamped to a surface the thickness of the wearing 
course below the established elevation of the floor. The method of placing 
the various sections shall be such as to produce a straight, clean-cut joint 
between them so as to make each section an independent unit. If dirt, 
sand or dust collects on the base it shall be removed before the wearing 
course is applied. Workmen shall not be permitted to walk on the freshly 
laid concrete. Any concrete in excess of that needed to complete a section 
at the stopping of work shall not be used. In no case shall concrete be 
deposited upon a frozen subgrade or subbase. 


51. Slabs having an area of more than one hundred (100) sq. ft. shall be 
reinforced with wire fabric, or with plain or deformed bars. The rein- 
forcement shall have a weight of not less than twenty-eight (28) Ib. per 
one hundred (100) sq. ft. The reinforcement shall be placed upon and 
slightly pressed in the concrete base immediately after the base is placed. 
It shall not cross joints and shall be lapped sufficiently to develop the full 
strength of the metal. 
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Limiting ConprITIons 


Size of Slabs. Concrete, like most materials, expands and con- 
tracts with changes in temperature. Contraction of a floor laid on the 
ground induces tensile stresses because of the frictional resistance be- 
tween the floor and the subbase. Where the floor is not provided with 
reinforcing, it has comparatively little tensile strength and is liable 
to crack if the slabs are too great in any dimension. Experience has 
indicated that 10 feet is the maximum size of floor slab that should be 
used where exposed to wide temperature changes unless reinforced to 
resist temperature stresses. 


Protection of Edges. In certain conditions where concrete floors 
are subject to excessive abrasion the edges of slabs are liable to be 
badly chipped unless protected. For this purpose metal strips or 
angles are sometimes embedded in the edges of adjacent slabs or the 
edges rounded off and the crevice filled with a stiff joint filler. 


Two-Coursrt PLAIn Concrete FLoor 


ConcrETE BAsE 


Reinforcement. As stated above plain floor slabs of the usual thick- 
ness and mixtures should not have dimensions greater than 10 feet 
between joints in order to insure against cracking caused by the tensile 
stresses developed by contraction. When it is necessary to place slabs 
with dimensions greater than 10 feet reinforcement should be provided 
to resist these tensile stresses. It is apparent that if the reinforcement 
is allowed to extend through an expansion joint, the purpose of the 
joint would be defeated, because the metal would prevent any move- 
ment at the joint. If reinforcement is not lapped sufficiently at its 
edges or joints, such joints would be planes of weakness and would 
allow cracks to form there. 


>) 
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B. WEARING COURSE 


Proportions for 52, The wearing course shall be mixed in the proportions of one (1) sack 
Beare ews of portland cement, two (2) cu. ft. of fine aggregate. The minimum 
thickness shall be three-quarters (34) inch. 


eae for 53. The wearing course shall be mixed in the proportions of one (1) sack 
Sta ane ot portland cement and one (1) cu. ft. of fine aggregate and one (1) cu. ft. 
of No. 1 aggregate for wearing course. The minimum thickness shall be 


three-quarters (%4) inch. 


Consistency 54. The mortar shall be of the dryest consistency possible to work with 
a sawing motion of the strikeboard. 


Placing 55. The wearing course shall be placed immediately after mixing. It 
shall be deposited on the fresh concrete of the base before the latter has 
appreciably hardened, and brought to the established grade with a strike- 
board. In no case shall more than forty-five (45) minutes elapse between 
the time the concrete for the base is mixed and the wearing course is 
placed. 


Finishing 56. After the wearing course has been brought to the established grade 
by means of a strikeboard, it shall be worked with a wood float in a man- 
ner which will thoroughly compact it and provide a surface free from 
depressions or irregularities of any kind. When required, the surface shall 
be steel-troweled, but excessive working shall be avoided. A mixture of 
dry cement, sand and number one aggregate may be applied to the fresh 
concrete of the base for a wearing course, but in no case shall dry cement 
or a mixture of dry cement and sand be sprinkled on the surface of the 
wearing course to absorb moisture or to hasten the hardening. Special 
methods not conflicting with these specifications may be used. 


Coloring 57. If artificial coloring is used, it must be incorporated with the entire 
wearing course, and shall be mixed dry with the cement and aggregate 
until the mixture is of a uniform color. In no case shall the amount of 
coloring exceed five (5) per cent of the weight of the cement. 


VII. Onzr-Covurse FLooR 


Proportions 58. The concrete shall be mixed in the proportions of one (1) sack of 
portland cement to not more than two (2) cu. ft. of fine aggregate and 
not more than three (3) cu. ft. of coarse aggregate, and in no case shall ( 
the volume of the fine aggregate be less than one-half (14) the volume of ) 
the coarse aggregate. 
A cubic yard of concrete in place shall contain not less than six and 
eight-tenths (6.8) cu. ft. of cement. 


Consistency 59. The materials shall be mixed with sufficient water to produce a con- 
crete which will hold its shape when struck off with a strikeboard. The 
consistency shall not be such as to cause a separation of the mortar from 
the course aggregate in handling. 
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WEARING CouRSE 


Many attractive surfaces can be obtained in concrete floors by 
using colored aggregates or mineral coloring materials with either 
grey or white portland cement. An infinite variety of patterns can be 
Set into the wearing course by using two or more different mortar mix- 
tures. The Terrazzo or Venetian finish is often used in lobbies, corri- 
dors and show rooms. Marble or other small chips are added to the 
mixture for the wearing course and after it is laid additional chips are 
strewn upon the surface and rolled in. After the surface has hardened 
somewhat, it is ground down, thus obtaining a hard, smooth, polished 
surface consisting mainly of chips, very little of the cement mortar 
being visible. 

A concrete floor can be prepared for dancing by waxing in a 
manner similar to that used for a wooden floor, or by several applica- 
tions of liquid soap well rubbed into the floor, or by a special process 
that drives liquid wax into the concrete. Concrete floors can be pro- 
tected from the action of acid solutions by several different treatments, 
the choice depending on local conditions. 


One-Course Floor. Although usually a one-course floor cannot be 
given quite as smooth a surface as a two-course floor or any of the 
special finishes or treatments, yet where such finishes are not desired, 
it is considered the better type of floor, because being a monolithic 
slab, it is stronger structurally, and it can be laid more easily and 
quickly. In order to obtain a reasonably smooth surface a somewhat 
richer mixture should be used and more care should be taken with 
the finishing. If these precautions are observed a satisfactory and 
durable surface will be secured. 


Placing 


Reinforcement 


Finishing 
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60. After mixing, the concrete shall be handled rapidly and the successive 
batches deposited in a continuous operation completing individual sections 
to the required depth and width. Under no circumstances shall concrete 
that has partly hardened be used. The forms shall be filled and the con- 
crete brought to the established grade with a strikeboard. The method of 
placing the various sections shall be such as to produce a straight, clean- 
cut joint between them so as to make each section an independent unit. 
Any concrete in excess of that needed to complete a section at the stopping 
of work shall not be used. Workmen shall not be permitted to walk on 
the freshly laid concrete. In no case shall concrete be deposited upon a 
frozen subgrade or subbase. 


61. Slabs having an area of more than one hundred (100) sq. f{t., or hav- 
ing any dimensions greater than ten (10) ft., shall be reinforced with 
wire fabric or with plain or deformed bars. The reinforcement shall have 
a weight of not less than twenty-eight (28) lb. per one hundred (100) 
sq. ft. The reinforcement shall be placed upon and slightly pressed into 
the concrete base immediately after the base is placed. It shall not cross 
joints and shall be lapped sufficiently to develop the full strength of the 
metal. 


62. After the concrete has been brought to the established grade by means 
of a strikeboard, and has hardened somewhat, but is still workable, it shall 
be floated with a wood float in a manner which will thoroughly compact 
it and provide an even surface. When required, the surface shall be steel 
troweled, but excessive working shall be avoided. Unless protected by 
metal, the surface edges of all slabs shall be rounded one-half (4%) inch. 


“— 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR MONOLITHIC CON- 
CRETE SEWERS AND RECOMMENDED RULES 
FOR CONCRETE SEWER DESIGN.* 


Submitted by Committee S-3, on Reinforced and Plain Oonerete Sewers and 
Conduits. (Revision of old Standard No. 24.) 


Part I.—MATERIALS, 


Cement. 


Section 1. All cement shall conform to the current specifications for 
portland cement of the American Society for Testing Materials, and shall 
be tested in accordance with the methods of testing described in the specifi- 
cations of that Society. 


Fine Aggregate. 


Section 2. Fine aggregate shall consist of sand graded from fine to 
coarse and passing when dry a screen having holes one-quarter in. in 
diameter. It shall be clean, coarse, free from dirt, vegetable loam or other 
deleterious matter. Not more than 6 per cent shall pass a sieve having 
one hundred meshes per lin. in.+ 


Section 8. Fine aggregate shall be of such quality that mortars com- 
posed of the proportions of cement and fine aggregate hereinafter specified 
for the various classes of concrete shall show a compressive strength after 
fourteen (14) days at least equal to the strength of mortar made of 
portland cement and standard Ottawa sand in corresponding proportions 
and of the same consistencyt. : 


Coarse Aggregate. 


Section 4. The coarse aggregate shall consist of crushed stone, gravel 
or blast furnace slag which is retained on a screen having 14 in. diameter 
holes and graded from the smallest to the largest particles. It shall be 
clean, hard, durable, free from all deleterious matter and soft, flat or 
elongated particles. Crusher dust in sufficient quantity to weaken the 
concrete will not be permitted. For reinforced-concrete arches or for plain 


* Accepted by Annual Meeting, January, 1923. Adopted as Standard, by 
letter ballot, April 29, 1924. 

yCrushed stone screenings may be permitted for use as fine aggregate pro- 
vided that they shall comply with all the specifications of Sections 2 and 8, and 
further that they shall be produced from stone having a French coefficient of 
wear of not less than 8, as described in Bulletins No. 347 and 370 of United 
States Department of Agriculture. 


tIt is recommended that, if possible, available fine aggregates be tested be- 
fore awarding contracts. If it appears necessary to use an aggregate of poorer 
quality than above specified the proportion of cement in the various classes of 
concrete should be increased in order that the strength of the mortar actually 
used shall not be less than that with the Ottawa sand. If, however, the strength 
of the resulting mortars is less than 70 per cent of those with Ottawa sand, fine 
aggregate should be rejected entirely. 
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concrete arches less than 6 in. in thickness, the maximum size of particles 
shall be such as will pass a screen having 1 in. diameter holes. For inverts 
and plain concrete arches over 6 in. in thickness, the maximum size of 
particles shall be such as will pass a screen having 1% in. diameter holes. 


Section 5. Where crushed stone is used it shall have a French coeffi- 
cient of wear of not less than 8, as described in bulletins No. 347 and 370 
of United States Department of Agriculture. 

(The above paragraph is for use in locations where limestone or sand- 
stone of a questionable value are common, If all available stone it suitable, 
the paragraph may be omitted.) 


Aggregate Section 6. Samples of not less than 1% cu. ft. of fine aggregate and not 
less than one cu. ft. of coarse aggregate shall be delivered in suitable 
boxes or containers. All samples shall be plainly labeled with the places 
where taken, where to be used, the date, and the name of the collector. 


Section 7. For the purpose of determining proportions of materials for 
concrete, each bag of cement containing 94 lb. shall be considered as con- 
taining one cu. ft. Sand and coarse aggregate shall be measured loose 
in approved boxes or hoppers. 


Water. 


Section 8. Water used for concrete shall be free from oil, acid, alkalies, 
or organic matter, 


Concrete Reinforcement Bars. 


Section 9. All steel reinforcement shall consist of cold drawn steel 
wire fabric having an elastic limit of not less than 55,000 lb. per sq. in.; 
or of expanded metal having an elastic limit of not less than 55,000 lb. per 
sq. in., and expanded cold from steel sheets; or of reinforcing bars. 


9.1. Steel bars for reinforced-concrete sewers shall conform to the 
current specifications of the American Society for Testing Materials for 
(A) Billet Steel or (B) Rail Steel, except that rail steel bars may be used 
in sizes of 1 in. and under only, and hot twisted bars will not be permitted. 


Section 10. Dimensions of bars given on the plans are based on square 
sections. The net area and weights of bars shall not be less than 95 per 
cent of the values for square bars as indicated. In computing the weights 
of steel, one cu. in. of steel shall be regarded as 0.283 lb. ( 


Measurement and Section 11. The quantity of metal to be paid for shall be the number 
Payment of pounds actually placed, as shown on the drawings as ordered. It 
shall not include any waste metal due either to the nature of the construc- 
tion or to the fact that the lengths supplied are too long or too short for 

their purpose. 
The quantity paid for shall, however, include extra metal in laps, 


where authorized, due to the fact that a single bar would be unreasonably 
long. 
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All bars shall be of the length ordered and shall be in one piece where 
required up to 30 ft. in length. 

The compensations shall cover the cost of furnishing and delivering 
metal, including any royalty, the cutting, bending, placing, fastening in 
position, coating with cement and all other work and materials connected 
therewith. 


Castings. 


Section 12. Circular cast iron frames and covers for manholes and 
catch basins and any other iron castings shown on the drawings, or speci- 
fied herein, necessary to complete the work, shall be furnished and placed. 


Section 13. All castings shall be of tough, close-grained gray iron, free 
from blow-holes, shrinkage, and cold-shuts, They shall be sound, smooth, 
clean, and free from blisters and all defects, 


Section 14. All castings shall be made accurately to dimensions to 
be furnished and shall be planed where marked or where otherwise neces- 
sary to secure perfectly flat and true surfaces. Allowances shall be made 
in the patterns so that the thickness shall not be reduced. Manhole covers 
shall be true and shall seat at all points. 


Section 15. All castings shall be thoroughly cleaned and painted before 
rusting begins, and before leaving the shop, with two coats of high-grade 
asphaltum or other suitable varnish that the engineer may direct. After 
the castings have been placed in a satisfactory manner, all foreign adher- 
ing substances shall be removed and the castings given two additional coats 
of asphaltum or other varnish as directed by the engineer. 


Section 16. No casting shall be accepted the weight of which shall be 
less than that computed to its dimensions by more than five per cent. 


Material for Lining Inverts. 


Section 17. All vitrified brick shall be uniform in size, and be not 
less than 8 in. by 4 in. by 2 in., nor more than 10 in. by 4% in. by 2% in. 
in length, width or thickness, respectively. The brick shall be free from 
lime or other impurities, uniformly vitrified and annealed, and shall have 
one edge face such that if the brick is laid on a horizontal plane on that 
face no portion thereof shall be more than % in. from the plane. 


Section 18. Concrete block for sewer lining shall be uniform in size, 
not more than 18 in. by 12 in. in surface area and not less than 3 in. in 
thickness. They shall be made of Class “A” or better concrete, as herein- 
after specified, in satisfactory molds, and thoroughly cured. They shall 
have an ultimate compressive strength at 28 days of not less than -2000 lb. 
per sq. in. 


Section 19. Tile liners for inverts shall not be more than 8 in. by 12 
in, in surface area, and not less than 2 in. in thickness. The back of the 
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tile shall be roughened and equipped with lugs or projections for bedding 
in mortar. They shall be manufactured under the general requirements 
covering vitrified sewer pipe and shall comply with the standard tests of 
the American Society for Testing Materials for clay sewer pipe in so far as 
applicable. 


Parr Il.—Conorere FoR MonoLiTHio CONCRETE SEWERS. 


Section 20. Concrete shall consist of a mixture of cement, fine and 
coarse aggregate and water of the qualities hereinbefore specified. 


Concrete shall be of three classes, proportioned as follows: 


Se eee eee ee SS  —ee—E oe 


Fine Aggregate, Coarse Aggregate, 
Gises Conca cu. ft. cu. ft. 
De ceraiacala vs iastrsnsantt Osos wise marron erage 1 sack 2 4 
| ee Se AP ARs Sor cee 2% 5 
4S eae nig i sna ON age 5 Creve tat ne mragase iT yf 3 6 


The relative proportions of fine and coarse aggregates may be modified 
at the direction of the engineer, provided that the proportions of cement to 
the total of the aggregates measured separately shall not be changed. 


Section 21. Concrete shall be machine mixed. The concrete mixer 
shall be designed to take one completed batch of materials (using whole 
bags of cement) and to mix that batch thoroughly before any portion of 
it is withdrawn or any portion of the succeeding batch is introduced. The 
mixer shall be equipped with a tank so designed that when once set it will 
automatically supply to the mixer the amount of water so determined. The 
mixer shall be equipped with an instrument for measuring the time of mix. 


Section 22. Concrete shall be mixed at least one minute after all the 
ingredients, including water, have been discharged into the mixer. Where 
the character of the work will permit, concrete shall be mixed in batches 
of one-half to one cu. yd. and the mixer speed shall not be less than 12 
nor more than 19 revolutions per minute. Where small mixers are used, 
the speed shall not exceed 22 revolutions per minute. 


Section 28. No concrete shall be hand-mixed except relatively small 
quantities, and then only by special permission of the engineer. 


Section 24. Where concrete is mixed by hand, the cement and fine 
aggregate shall be mixed dry on a properly constructed wooden or steel 
platform built for the purpose until it shall have obtained an even and 
uniform color throughout. The mixture shall then be spread to make a 
bed of uniform thickness, on which shall be spread the coarse aggregate and 
the whole wet with the required amount of water and turned with square- 
pointed shovels at least three times or until a uniform mixture is secured, 
water being added from time to time, if necessary. 
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Section 25. In all plain concrete, where the thickness is 15 in. or more, 


Rubble or Stone 


there may be embedded broken pieces of sound stone, the greatest dimension i Concrete 


of which does not exceed 6 in., and the least dimension of which is not less 
than three-quarters of the greatest dimension. These stones shall be set 
in the concrete as layers are being rammed, in a satisfactory manner, and 
so placed that each stone is completely and perfectly embedded. In general, 
there shall be a space of 4 in. between the stones and no stone shall come 
within 4 in. of any exposed face. The stone shall be thoroughly cleaned 
and wet before placing. 


Section 26. In mixing concrete, it is advisable to use the least possible 
amount of water required to obtain a workable mix, and when the aggregate 
is dry, 6 gal. of water to a sack of portland cement is the maximum which 
should be used. (For slag aggregate this may be somewhat increased.) 
Where comparatively dry mix is to be used, as in inverts, and near the 
crown of the arches, the concrete must be thoroughly tamped until the 
water flushes to the surface. 


Section 27. Concrete shall not be mixed nor deposited in the work in 
freezing weather except as directed. If the work on concrete structures is 
prosecuted in cold weather, proper precautions shall be taken for removing 
ice and frost from the materials, including heating the water and aggre- 
gates; for protecting the newly-laid masonry from freezing, and for secur- 
ing work satisfactory in all respects. Satisfactory covering for the newly- 
laid concrete and such additional appliances and materials as may be 
required therefor, including steam pipes for keeping the air warm beneath 
the said covering shall be provided. 


Tramsporting and Placing Concrete. 


Section 28. Provision shall be made for quickly transporting the 
concrete from the mixer to the work and with as little shaking as possible, 
so that the tendency of water to rise to the top may be reduced to a mini- 
mum. Any concrete which may have been compacted during transportation 
shall be satisfactorily remixed before being placed in the work. Any con- 
crete delayed one-half an hour in transit shall not be used in the work and 
must be removed from the premises. 


Section 29. Concrete shall be deposited so as to maintain a nearly 
level surface and avoid flowing along the forms. It shall be continuously 
and sufficiently worked to expel air and to force the aggregate away from 
the forms. In special cases, as where concrete is deposited on slopes, a 
comparatively dry mixture may be used, but great care shall be exercised 
to spread such concrete evenly in layers not more than 6 in. in thickness 
and to ram it thoroughly. In general, the methods used shall be such as to 
give a compact, dense and impervious concrete with a smooth surface. 
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Section 30. For the proper bonding of new and old concrete, such 
provisions shall be made of steps, dovetails, or other devices as may be 
required. Whenever new concrete is joined to old, the contact surface of 
the old concrete shall be thoroughly cleaned, using a stiff brush and a 
stream of water, if required, and shall be clean and wet at the moment the 
fresh concrete is placed. Where ordered, a thick wash of rich mortar shall 
be run over the contact surface of the old concrete. Where it is of impor- 
tance that the joint between the new and old work shall be as strong and 
tight as possible, especial precautions shall be taken, such as picking off the 
top one or two in. of the old work so as to remove the laitance or wash- 
ing the old cement off the surface with acid or alkali and later with water 
to remove all traces of them, or both, as may be required. 


Section 31. Special care shall be taken that all concrete surfaces shall 
be smooth and free from indentations or projections. All surfaces shall be 
free from voids, exposed stones and other imperfections. If such imperfec- 
tions are found upon removing the forms, the faults shall be corrected at 
the contractor’s expense by filling with mortar or otherwise, as directed, 
even to the extent of taking down and replacing unsatisfactory concrete. 


Section 32. No plastering of any concrete surface shall be done unless 
expressly permitted and if so permitted shall be done in strict accordance 
with directions. No payment will be made for plastering done to correct 
defective work. 


Section 33. No concrete or other masonry shall be deposited under 
water without permission and then only in accordance with directions. 
Water shall not be permitted to rise on any masonry until the mortar shall 
have set at least 12 hours. 


Forms. 


Section 34. There shall be provided suitable collapsible centers or 
forms with smooth surfaces of ample strength and rigidly braced. The 
bracing shall be adequate to prevent deviations from the correct lines. 


Section 35. All steel forms shall be neatly and accurately made with 
all similar parts in each longitudinal section of form interchangeable with 
other sections. Bent plates required to fit shall be rolled and fabricated to 
the correct curves before assembling. Suitable forms shall be provided for 
bends in the sewer. Steel filler plates shall be furnished. 


Section 36. All wooden forms shall be built of clean, sound lumber, 
reasonably free from knots, dressed on all sides of uniform thickness and 
neatly fitted. Tongued and grooved material shall be used where required. 
The form surface shall be watertight, securely fastened to the ribs or 
supports. 


Section 37. No forms built up in the trench or ribs with separate 


pieces of wooden lagging, piece by picce, will be allowed except for specials 
or curves. 
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Section 38. No center or form shall be used which is not clean and of 
proper shape and strength and in every way suitable. Before placing 
concrete or reinforcement the forms shall be coated with vaseline, form 


grease or other suitable approved substance, to prevent adherence of 
concrete, 


Placing Reinforcement. 


Section 39. All steel reinforcement shall be placed in the exact posi- 
tions and with the spacing shown on the drawings or as ordered, and it 
shall be so fastened in position as to prevent displacement while the con- 
crete is being deposited. 


Section 40. The reinforcing steel shall be bent to the shapes shown on 
the drawings or as required. The ends of the bars shall be bent or hooked 
over if required. The length of the laps for bonding the adjacent bars shall 
not be less than thirty times the diameter of the bar, when the steel is 
designed for working stress of 12,600 Ib. and not less than forty times the 
diameter of the bar when the steel is designed for working stress of 16,000 
Ib. per sq. in. Where the bars are of different sizes, the diameter of the 
larger bar shall be used. 


Section 41. Steel must be stored in such manner that its condition will 
at all times correspond to that under which the samples were taken. 


Part IJ-A.--GENERAL CONSTRUCTION, MonoLitHIc SEWERS. 


Section 42. Below the springing line for such sewer, the trench shall 
be accurately shaped to the form of the outside of the masonry and the 
concrete shall have a firm bearing on the natural soil or rock at all points 
below the springing line.* 


Section 43. In general the width of the trench for sewers of the horse- 
shoe and similar types shall be one ft. greater than the outside width of 
masonry to allow for satisfactory bracing. 


Section 44. Underdrains of agricultural tile laid in gravel or crushed 
stone, shall be constructed of the size, and where directed, for the purpose 
of keeping the work free from water during construction, such drains to be 
abandoned when the work is completed; underdrains so laid shall lead to 
sumps or manholes, and water flowing to them shall be removed by pump- 
ing. Such pumping shall be carried on continuously, day and night, and 
the level of the ground water shall be maintained below any cement or con- 
crete which may be placed in the work for a period of at least twelve hours 
after such cement or concrete is placed. When the temporary underdrains 
above described are abandoned, they shall be cut and plugged where directed 
and the sump holes above descrihed shall be solidly filled with approved 
material. 
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Section 45. On all sections having a comparatively flat invert, the 
complete invert shall first be built, while on all circular sections a center 
strip of not less than one-fourth circumference shall be built. The invert 


or center strip shall be. placed in sections of not over 16 ft. where the 


surface is to be finished with end guides and a longitudinal straight edge, 
and not more than twenty ft. if a separate lining of vitrified brick, tile or 
concrete block is to be provided. 


Section 46. A granolithic finish shall be applied to the fresh concrete 
as soon as the condition of its surface will permit. This finish shall con- 
sist of a mixture of one part of cement’ to two parts of granite, or other 
hard rock chips, graded from % in. to % in. in size, and shall be laid 14 
in. thick. The upper surface shall be formed by means of screeds and shall 
be floated and troweled to a smooth surface. As soon as this surface is dry 
enough to receive it, a dry mixture of two parts of cement and one part of 
sand, free from crusher dust and particles larger than 1% in. shall be 
sprinkled over it and then the surface shall be floated and troweled. This 
treatment shall be repeated at least once, and where the proportion of very 
fine material in the aggregate necessitates it, a total of three dryer coats 
shall be applied. Where the placing of the dryer coat must be deferred 
until the day following the pouring of the concrete invert, the concrete 
shall be first moistened and covered with neat cement, which shall be thor- 
oughly broomed into the concrete in the form of a thick paste. 


Section 47.* Where required, the inverts shall be lined with concrete 
block, tile, or vertical brick, as shown on the plans. 


47.1. The concrete bottom shall be accurately shaped up to a line one- 
half in. below the bottom of the lining and allowed to set before the lining 
is laid. ’ 

A mixture made of one part of portland cement and three parts of 
sand, without the addition of water, shall be spread on the finished surface 
to the depth required to bring the block or brick to the required grade. 
The lining units shall be laid in straight lines and in a workmanlike man- 
ner and so that all joints shall be broken. After being laid, it shall be 
rolled with a hand-roller weighing from 300 to 500 lb. or tamped until 
every unit shall have a solid bearing and the top of the finished work shall 
present a smooth and even surface and conform accurately with the shape 
of the invert as shown on the plans. The joints between the units shall be 
grouted with mortar made of one part portland cement and two parts sand 
and the surface shall be brushed until every joint is completely filled. 


47.2. Where vitrified tile is used, the units shall be carefully bedded 
in wet mortar, the mortar bed to be approximately 4% in. in thickness. 


47.3. The bottom must be kept free from water until the work is 
completed and no water will be allowed to run over the completed work 
until it shall have set. 


*Where there is a probability that wet ground will make the shaping of 
circular inverts impossible, an alternate section of a suitable type shall be used. 


— 
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Section 48. The unfinished surface of the invert on which the concrete 
of sidewalls or arches is to be placed, shall be made as rough as possible. 
In unreinforced work, dovetails shall be formed as provided in Section 31. 
In reinforced work, where projecting bars may interfere with the formation 
of dovetail joints, the invert concrete shall be thoroughly cleaned by a 
pressure stream of water or scrubbed and every precaution shall be used to 
prevent earth or material from the forms falling on the surface after 
cleaning. 


Section 49. Precaution shall be taken to prevent concrete from dry- 
ing until there is no danger of cracking from lack of moisture. Con- 
crete shall be kept moist for at least one week, unless sooner covered with 
earth. This may be done by covering of wet sand, burlap, continuous 
sprinkling or by some other method approved by the engineer. 


Section 50. Forms for slabs or very flat arches as in box sections or 
roofs of special chambers, shall remain in place for at least seven days. 
No load shall be placed on the concrete for fourteen days, and then only 
with permission. 

Arch forms shall not be slackened until the backfilling has been carried 
to a height of at least one ft. above the top of the arch and tamped. Arch 
forms shall remain in place for forty-eight hours when conditions are most 
favorable for the hardening of the concrete and for a longer time, as may 
be directed during inclement weather, or where unusual conditions exist. 
Permission for dropping center must be secured for each arch unit.+ 


Section 51. Backfill, over and around arch sewers, shall be placed as 
soon as possible after the cement has set. The filling up to a plane 2 ft. 
above the top of the arch shall be made from the best earth and shall not 
contain a sufficient amount of large stones as to allow the pieces of stone 
to become wedged. It should be filled in layers of not over 6 in. and care- 
fully tamped. If the remaining of the backfill is dumped from buckets, the 
contents of the buckets should not be allowed to fall more than 5 ft. unless 
the impact is broken by timber grillage. Bracing should generally be re- 
moved only when the trench below it has become completely filled and every 
precaution shall be taken to prevent any large slips of earth from the side 
of the trench onto or against the green arch. All voids left by withdrawal 
of sheeting shall be immediately filled with sand, by ramming with tools 
especially adapted to that purpose, by watering or otherwise as may be 
directed. 


Section 52. During the construction of the sewer, care should be taken 
that no loose mortar or concrete shall be allowed to remain on the interior 
surface of the invert. At the completion of the work all débris shall be 
removed and the invert shall be left clean and smooth. 


*This construction is particularly applicable to sewers having comparatively 
flat inverts, and is more difficult to carry out with circular sewers. 


+For small arches, 6 ft. or less, and under the most favorable conditions, 
forms may be dropped in 24 hours. 
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General Note. 


No attempt has been made to include herein detailed specifications, 
for much of the work entered into sewer construction, such as earth and 
rock excavation, sheeting and bracing, etc. 

Statements relating to the responsibility of furnishing materials, per- 
forming work and giving directions have also been generally omitted. 

No specification has been included in regard to the measurement of 
materials or the amount of work covered in any particular compensation, 
other than for reinforcing steel, as it has been considered best to leave 
these clauses to be worked under the conditions prevailing on the par- 
ticular piece of work. 


RECOMMENDED RULES FOR CONCRETE SEWER DESIGN. 
(To accompany the Specifications for Concrete Sewers. ) 


1. Concrete sewers without reinforcement are approved for sizes be- 
tween 30 and 60 in. mean diameter. Plain concrete sewers between these 
sizes are to be used only in rock or hard soils. It is recommended that the 
minimum thickness for a diameter of 36 in. or under should be 5 in. and 
for a 5 ft. diameter 7 in. with intermediate sizes in proportion. These 
thicknesses are to be taken as a minimum for circular sewers and used 
only under favorable conditions. 

2. All sewers near the surface and subject to moving loads or vibra- 
tion, should be reinforced. For sewers of 6 ft. or less in diameter, it is 
recommended that the reinforcement be % of 1 per cent placed near the 
inside at the crown, and near the outside at, the springing lines. 

If it appears at all possible that the horizontal pressures on the sewer 
might be large, reinforce for reverse stresses. 

3. It is recommended that for all sewers greater than 6 ft. in diam- 
eter, several possible types of loading be assumed and stresses be calculated 
on the elastic arch theory. (The methods are indicated in Turneaure & 
Maurer’s “Principles of Reinforced Concrete,” or in Metcalf & Eddy’s 
“American Sewerage Practice,” Volume I.) 

4. It is also suggested that in sewers of greater than 6 ft. in diameter, 
it may be found economical to adopt a section having a comparatively flat 
bottom, and an arch with or without intermediate side walls. 

5. The minimum thickness of concrete in sections of this type should 
be 8 in. This is recommended as a factor of safety against poor placing 
and also to secure warterproof structures. 

6. The specifications submitted provide for three classes of concrete. 
It is recommended that all arches be built of Class “A” concrete and that 
the inverts be of Class “A” concrete except in rock or very hard soils, 
where Class “B” concrete may be used. 

7. For reinforced work in bad ground, the designer should provide for 
a raft of Class “C” concrete of from 4 to 6 in. in depth, which is to be 
allowed to set before the reinforced structure is started. This is advisable 


. 
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to facilitate good workmanship and particularly to prevent contamination 
of the concrete around the reinforcement by mud or sand, 

8. The distance from the face of reinforcing steel to the face of the 
concrete in monolithic sewers should be not less than 2 in. 

9. In determining dimensions of concrete and reinforcement, the fol- 
lowing working stresses should be the maximum used: 

(a) The maximum workin stress in the steel where structural grade 
is used should be not more than 12,000 lb. and for intermediate or hard 
grades, or for cold twisted bars, 16,000 lb. per sq. in. 

The maximum working stress in rail steel should not exceed 16,000 Ib. 
per sq. in. \ 

(6) The maximum working stresses in concrete are based on the 
Report of the Joint Committee on Concrete and Reinforced Concrete are 
about 25 per cent less than the stresses there recommended. 


WoRKING STRESSES IN PouNDS prR SQUARE INCH. 


Aggregate Class A Class B Class C 
Granite orstrap mocks. sone aocitiee hides herech ccaee 550 450 350 
Gravelvor Hard limestone! 5.25.00. 2 2eieu oeecins aeaiio ans 500 400 825 
Soft limestone or sandstone (if permitted)............... 375 300 250 


SS SS eS a a a tees 


Class “B” concrete is not recommended for use in the sewer proper. 
Soft limestone and sandstone are prohibited if the accompanying specifica- 
tion is rigidly carried out. 

These stresses should be further reduced where construction conditions 
are likely to be very unfavorable to good workmanship, as in very wet or 
deep trenches. 

10. In all important work, specify that the reinforcement shall be 
held in place with steel chairs or holders and wire ties. 

11, Attention is called to the fact that with sewers having compara- 
tively flat inverts, careful consideration must be given to the distribution 
of load across the invert. Where soils are likely to be compressible, the 
weight should be. taken as uniformly distributed. The stresses in such 
inverts should be carefully analyzed, as they are generally more severe 
than the other parts of the sewer. 

It will generally be advisable to provide alternate details of the invert 
for use in rock cuts, when resting on rock or nearly incompressible soils 
and for soft or wet ground. 

12. Accompanying specifications for monolithic work provide for 
either a granolithic finish on the invert or for a lining of concrete block, 
brick or tile. The use of the separate lining should be considered as an 
additional factor of safety where unsatisfactory construction conditions are 
likely to affect adversely the quality of workmanship and the strength or 
density of the finished invert concrete. 


AMERICAN CONCRETE INSTITUTE 
BUSINESS REPORTS 


ANNUAL REPORT OF THE BOARD OF DIRECTION TO THE MEMBERS 
oF THE AMERICAN ConcRETE InsrituTE, To JanuaRy 1, 1923. 


REPORT OF BOARD OF DIRECTION. 


The Institute has continued in the last year to show progress in mem- 
bership, financial condition and in technical activity. A summary of 
gains shows. 


Hebss Lye O20 eer. terrae. Members iow. sacra ie 428 
Rebs aye l921) Wuseeee Membership .........-.. 627 
Heb. [je lO22men rerio Membership ..........-- 806 
Heb tr UGLO29 sam seremtoren Membership .....0..+... 981 
MSOs Wh AR YeE Coed condo acs Memberships secrete 1161 
a ruarsy ee PES Se tisicios obtied Miemibershiyp) rs oc. iom ie sterac 1272 


The interests of these members are highly diversified within the very 
broad field of concrete. It is gratifying that students of concrete in prac- 
tically every department of interest are giving increasing recognition to 
the Institute’s possibilities for service to them. 

Members of the Institute have been good advertisers of the Institute’s 
work and the secretary’s office has had very generous co-operation in efforts 
to increase the membership of the organization. The work of the 20th 
Anniversary Committee, under the Chairmanship of Mr. H. C. Turner, and 
with the very active working direction of Mr. J. P. H. Perry, a vice-chair- 
man, has been a very important factor in bringing the Institute to the 
favorable notice of a considerable number who have not hitherto been ac- 
tively with us. The active work of a special Chicago membership com- 
mittee, headed by Mr. George Warner, has brought’us many new and 
valuable friends. 

The Institute’s work is gathering momentum. It is getting closer to 
the problems of concrete as they are met with in the field. This makes its 
membership advantages more obvious to the busy man who first of all is 
interested in the progress of his particular work. 

The finances of the Institute are improving. Our most formidable item 
of expense is the publication of our Proceedings. For some years their 
cost each year has been met out of the income of the succeeding fiscal year. 
We are now up to date. While our Volume 20, to be published as soon as 
possible after this convention, will doubtless be unusually expensive be- 
cause of the large bulk of valuable papers and reports, our finances are in 
such a condition that we expect to be able to meet the expense this year 
and still show a small surplus, without touching the income of the next 
fiscal year. 

It has been the policy of the Institute to base its annual budget on a 
figure very close to anticipated income with a small reserve of about $3000 
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in Government securities against a possible “rainy day.” It has been 
the thought of the Board that it would be the wish of the members that 
while conducting our affairs conservatively, the Institute should spend its 
income to strengthen the Institute’s position as an educational organization, 
giving the greatest possible service to the greatest number. 

The report of our auditor for the fiscal year ended June 30, 1923, is 
as follows: 

ALBERT E. HORNE 
PUBLIC ACCOUNTANT 
DETROIT 


t 
Dertrorr, Micu., August 10, 1923. 
Mr. Harvey Whipple, Treas., 
American Concrete Institute, 
East Grand Blvd. and Moran, 
Detroit, Michigan. 
DEAR SIR: 


In accordance with your instructions, we have made an examination 
of the books and records of the American Concrete Institute, for the period 
from June 30, 1922, to June 30, 1923, for the purpose of verifying the 
cash transactions of the period and presenting the financial condition of 
the Institute at that date. 

We submit herewith two exhibits as follows: Exhibit “A” Statement 
of condition as of June 30, 1923. Exhibit “B” Statement of receipts and 
disbursements from June 30, 1922 to June 30, 1923. 

The cash in bank amounting to $4513.46 as shown by the Cash Book 
was verified by reconciliation with the Statement rendered by your de- 
pository as of June 30, 1923. During our examination paid checks all of 
which were properly approved were seen for all disbursements. 

The remaining items in statement of condition are shown in accordance 
with the records and have not been further verified by us. 

We have not attempted to determine the income which should have 
been derived during the year and have restricted our examination to the 
disposition of all cash shown to have been received. 

We hereby certify: 

1. That all cash shown to have been received has been accounted for 
and that we have seen satisfactory evidence of payment for all disburse- 
ments. 

2. That the cash in bank, amounting to $4513.46, June 30, 1923, was 
on deposit on that date and the Imprest Cash amounting to $300.00 was 


’ in the hands of the Treasurer. 


3. That the Statement of condition (Exhibit A) is in accordance 
with the records and subject to the foregoing comments, in our opinion 
properly presents the financial condition of the American Concrete Insti- 


tute on June 30, 1923. Respectfully submitted, 
(Signed) A. EH. Horne. 


EXHIBIT “A” 
STATEMENT OF CONDITION. 


June 30, 1923. 


ASSETS, 
Cash’ in. Balke. wz wis stane 2 oe Se ee ee oa $4,513.46 
Gash’ Tmprest: a. 6 cei ds ioe eee na 300.00 
“Total ; Cagh csc t aim soate Nae ee sein «hu eee $4,813.46 
U.S) Treast Certificates: 1... 2. es sega ner amer eee ers nae ls mea mite 3,000.00 
Accounts Receivable: 
Active oMembelssas. se si eee ee ee eae $1,380.00 
Contributing Members @ $50.00 ....-......+.-: 1,075.00 
Special 2 ah a. ote t yes eres See meen eee ae 1,000.00 
Miscellaneous xc vcheere ccm, certo en get meee ate ie nora 75.93 : 
3530.93 
Inventories: 
Proceedings Prior to 1919—437 @ $0.50 ........ $219.50 
Proceedings, 1919-1922—518 @ $1.00 ........... 518.00 
Proceedings, 1923—300 @ $3.50 ................ 1,050.00 
Journals, 1914-15—491 @ $0.10 ..... Gtions Hetaoee 49.10 
———- 1,835.60 
Total! InventOries” on cs. cic. cra con eRe aie ele Renee eas eer $13,179.99 
LIABILITIES. 
Concrete Building Units Fire Test Fund ............. $272.51 
Accrued : 
Printing» Proceedings, (923) 2 2522. = este ae ela sear 3,543.70 
Reserve: 
For Loss of Delinquent Members ................ 1,200.00 
Dues! Paid im Advance, Son eee ae eee caterers 70.00 
Subpluste oe. F850 see rec Seat CaaS tote Lat 8,093.78 
; ———— $13,179.99 
EXHIBIT “B.” 
CASH RECEIPTS AND DISBURSEMENTS. 
July 1, 1923, to June 30, 1923. 
As Shown by Cash Book. 
RECEIPTS. 
Cashvonthand,1ners0)\ 10225). os, seein ene ene eee ee $4,186.53 
Dues Active: ahve Be Sieve eee ole Seen eee tere ee ne 8,055.39 
Duesy Contrilowtin gave seer heii ae eee nee 3,789.98 
Dies. Special 2605. aa cee se Nota gee eee ev eRE eRe ee Peete 1,000.00 
Proceedings: 0,75 S ai Res ae ete ene eto en eres 1,196.50 
Conerete Building: Units Hire Vest Hund "yx swage eterna 60.00 
Interest on. Commercial Depogite 21, S..n.. ss: eee ee 70.89 
Interest on! Victory Bows) sonar ns nee. alvie eel eras reer enone irene 71.25 
Mise: Preprintaves\n52 he. .eh 2 ean ee hoe eee eee eral 
Victory /Bonds, Redeemed: 4. aqanckas raise ie areal tos eee eee 3,000.00 
Total Assets’; ... ke@ente Rcaeeae Ske ah ele oeiaheresensl acters een ee $22,148.25 


Revort or tHE Boarp or Drrecrion. Ui 
DISBURSEMENTS, 

Corman. 6S ars oR ae ee, eens $768.64 
Miscellancouss Broptinty A. ce0. sd ota wh tee oek 1,245.97 
OnICem TE Nense, Hymn Ae tee, bsecwat cae ao ee dere. 511.99 
OSUAD CMP ean gh core oFs ic ott he ng aes wine 8 GES 741.49 
HES CECE MI Sm OLLI CAEN ees au ties coesecsns-e, anche sed 11.18 
Printing, Stationery and News Letters ............ 1,732.49 
LO CECUIN Stay arars seat Sie eePN re hcdey 1a Mien Sieinn Moe Ske 4,332.36 
HSCUATET Wc chigie Sicener RE pa gem MC OP el a 379.92 
WIXCHAUS CMS teh oct ahaa co hoes cc ne sete 2.76 
SHVIEMAIO EE ac ao meee oetke Seen ee eet ne ae ee nee a 4,065.06 
pinavcling = Mxpense mash are che eae cee coer Ls 328.00 
MISC ee HX DONS" mate aan Meee acd tat eee Stee 32.72 
National Fire Protection Association ............. 60.00 
PASHTU O Treat tsacenl census ¢  Uecyd nel suites acs veusieke Susp wuss Eke 37.50 
Bond for-Secretary-Treasurer <2. ....2.¢5-:s.00:-- 50.00 
Concrete Building Units Fire Test ..............: 442.4) 
UPS lceasiiry .Ceruincalese sca vast uta or ric ae ee 3,000.00 
$17,742.57 
MHess™Disots WReC di en te Ae seer tesa. ty: 107.78 

OCA ee SD UES CMIGTNUG mete my ctacwss «fut 4 scans Scere ea Beene ae $17,634.79 

Cash aing banks eilinewsO O23 nes a aricept eee ee $4,513.46 

Cash Receipts, July 1, 1923, to January 31, 1924, have been.... $13,127.20 

Disbursements, July 1, 1923, to January 31, 1924: 

Charged: to: 1922-23 Budget .......:.5..-..--.+:$3,829-28 
Charceedetoel923- 245 Budeet, meer oan use 5,281.01 
sineasvrya OCriilCa LES mel rao. antes ar tett te cerecin ee 0 OLOO 

14,610.29 

ViemhadeinbanieeJamuatyetol 1024s -a0n aes ae mine niet eter $3,030.37 


With additional funds available, one problem is to relieve the tension 
in our annual convention programs. It is becoming each year a more 
serious problem to make the convention, in the sessions of four days, pro- 
vide an outlet for everything of technical value our increasing membership 
and our increasingly active committees produce. The Board of Direction 
will ask the co-operation of committees in releasing progress reports 
through the year as rapidly as they can be made available—through our 
News Letters, thus promoting discussion and leaving for our convention 
the discussion of final reports and of those debatable matters which stand 
in the way of final reports in committee deliberations. In this we hope to 
have the benefit of early committee work, immediately following the con- 
vention so as to make our contact with members more nearly continuous 
throughout the year. 


LIST OF REGISTRANTS. 


An asterisk (*) designates a member. 
*ABRAMS, Durr A., Lewis Institute, 1951 Madison St., W., Chicago, Il. 
*ACHESON, WILLIAM M., Div. Engr., New York State Highway Comm., Syracuse, 
ING 
*AnPLEcK, B. F., Universal Portland Cement Co., Chicago, Il. 
*AHLERS, JOHN G., Barney-Ahlers Constr. Corp., 110 W. 40th St., New York City. 
*ALDRIDGH, E. V., Universal Portland Cement Co., 210 8. La Salle St., Chicago, Ill. 
ALLAN, W. D. M., Portland Cement Association, Chicago, Ii. 
*ALLUN, CLHVELAND, Francisco & Jacobus, 4 West 48rd St., New York City. 
*ALLUN, LESLIN H., 405 Broadway, Milwaukee, Wis. 
ALLISON, LYMAN J., 115 S. Dearborn St., Chicago, Il. 
ANDERSON, G. K., Official Stenographer, 5716 Cedar Ave., Philadelphia, Pa: 
*ALPHA PORTLAND CuMENT Co., Easton, Pa., (Louis Anderson, Jr., Chem. Engr.) 
ARMIGER, Boyp H., Bldg. Sup., McLennan Constr. Co., 237 Delaware Place, 
Chicago, Il. 
Arms, L. M., Portland Cement Assn., 111 W. Washington St., Chicago, Il. 
ARRONDET, MARGARET G., Lewis Institute, 1951 W. Madison St., Chicago, Ii. 
ASHELFORD, HERMAN, W. H. Ashelford & Sons, Byron, Il. 
ASHELFORD, WALTHR, W. H. Ashelford & Sons, Byron, Il. 
ASHELFORD, W. H., W. H. Ashelford & Sons, Esmond, Ill. 
*ASHTON, ERNEST, Lehigh Portland Cement Co., Allentown, Pa. 
AUSTIN, R. W., Supt. Orr & Miller, Lima, Ohio. 
*BaBBiTT, A. B., Gen. Mgr., The Kent Machine Co., Kent, Ohio. 
Baiupy, C. F., Anchor Con. Machinery Co., Milwaukee, Wis. 
*BAILby, L. D., Blk River Concrete Products Co., Elk River, Minn. 
*BAKER, JOHN C, Onondaga Litholite Co., 102 N. Beech St., Syracuse, N. Y. 
BANKS, WM., (Cement products mfr.), Durant, Iowa. 
BARKnR, WM. E., Portland Cement Association, 1537 Conway Bldg., Chicago, Il. 
*BARRIBALL, GEO. D., 13002 Miles Ave., Cleveland, Ohio. 
*BaRTLETT, G. S., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Ul. 
BASS, VERNER, Chaldron, Nebr. 
*BuLL, O. P., Sunbury Cement Products Co., Sunbury, Pa. 
*Sr, PauL CEMENT WorRKS, 34 E. Forest St., St. Paul, Minn. H. C. Berchem. 
*BERCHEM, H. C., St. Paul Cement Works, 34 BH. Forest St., St. Paul, Minn. 
BERGLAND, IRVING, Universal Portland Cement Co., 210 S. LaSalle St., Chi- 
cago, Ill. 
*Burninr, N. M., N. Bernier & Son, 411 Walden St., Cambridge, Mass. 
Berns, M. A., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Ill. 
*BurRTIN, R. L., White Constr. Co., 95 Madison Ave., New York City. 
BILLp, HARoLpD W., Atlas Portland Cement Co., Chicago, I. 
*BINSWANGHER, S. J., 5520 S. Park Ave., Chicago, Ill. 
Buack, J. C., Editor, ‘““Hngineering and Contracting,” 221 HW. 20th St., Chicago, Il. 
*BLACK, L. H., Solvay Process Co., Chicago, Ill. 
BLACK, Roy, Builder, Cleveland, Ohio. 
BLAINE, ETHEL, Asst. Secy., American Concrete Institute, Detroit, Mich. 
*BLANCHARD, F. E., 75 E. Tompkins St., Columbus, Ohio. 
BLISTEN, SIDNHY, Trade Press Pub. Corp., 413 15th St., Moline, Ill 
*BLock, H. L., The Cement Products Co., 911 BE. High, Davenport, Iowa. 
*BLONCHER, WALTER P., Stone & Webster, Inc., 142 Langdon Ave., Watertown, 
Mass. 
BOARDMAN, JOHN W., Huron Portland Cement Co., Detroit, Mich. 
*BoscuH, JAcoz, Calumet Concrete & Material Co., 100 W. 115th St., Chicago, Il. 


(772) 


-— ~ 


List or REGISTRANTS. HS: 


Bournn, CHARLES LUTHER, Portland Cement Association, 111 W. Washington 
St., Chicago, Ill. ' 
*Bowses, A. S., Editor, “Cement and Engineering News,” 22 Quincy St., Chicago, Ill. 
Boyasoun, H. M., Boyajohn & Barr, 503 Branson Bldg., Columbus, Ohio. 
Boyd, GeorRGH E., Hditor, “Railway Review,” 537 S. Dearborn St., Chicago, Ill. 
Boypnn, Cou, H. C., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
*BoymER, EH. D., Atlas Portland Cement Co., 25 Broadway, New York City. 
BRADSHAW, GEoRGH L., Independent Block & Cement Co., 2102 S. Harding St., 
Indianapolis, Ind. 
*BRAUN, WALTHR, 1083 S. High St., Columbus, Ohio. 
BROWER, ARTHUR V., 219 W. 12th St., Flint, Mich. 
Brewer, R. D., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
*BRICKETT, EDWARD M., 300 Lab. of Applied Mechanics, University of Illinois, 
Urbana, Il. 
BRowN, HerMAN E., Consumers Supply Co., Milwaukee, Wis. 
Brown, J. F., Illinois Steel Co., South Works, South Chicago, Il. 
*BROwN, R. P., National Lime Assn., 918 G St., N. W., Washington, D. C. 
*BROWNING, ALBHRT H., 3711 Osgood St., Chicago, Ill. 
BUCKMAN, GnHoRGE H., Northwestern States Portland Cement Co., Charles City, 
Iowa. 
*BuENTH, C. F., Concrete Products Co., of America, Pittsburgh, Pa. 
BURGESON, MILDRED, Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 
*BUTLER HQUIPMENT Co., Waukesha, Wis., Morgan R. Butler. 
CALVIN, J. J., Truscon Steel Co., Youngstown, Ohio. 
CAMPBELL, H. CoLiIn, Portland Cement Association, 111 W. Washington St., 
Chicago, Ill. 
*CAMPBELL, §S. A., Ridge Constr. Corp., 251 Elmdorf Ave., Rochester, N. Y. 
CANNON, L. L., Cannery Equip. & Supply Co., Room 711, 211 Grand Ave., 
Milwaukee, Wis. 
*CAMPION, H. T., McClellan & Junkersfeld, Inc., 61 Trinity Place, New York City. 
CARLSON, JULIE V., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
cago, Ill. 
Carr, THOMAS, Universal Portland Cement Co., Chicago, Ill. 
*CARBY CONCRETH Co., Wisconsin Rapids, Wis., W. H. Carey, Pres. 
*CARVEL, F. G., Calumet Steel Co., 208 S. La Salle St., Chicago, Il. 
*CATLETT, RICHARD H., Security Cement & Lime Co., Hagerstown, Md. 
CERNY, JAMES, 1107 S. La Salle St., Chicago, Ill. (American System of Rein- 
forcing.) 
*CHAPMAN, CLOYD M., Dwight P. Robinson & Co., 171 Madison Ave., New York 
City. 
CHILL, CHARLES W., The Detroit Edison Co., 2000 Second Ave., Detroit, Mich. 
*CHITTENDON, Howarp L., Clinton, Conn. 
CHRISTIAN, W. A., 207 N. Parkside Ave., Chicago, Ill. 
*CHRISTENSEN, HINAR, 210 E. Ave., Rochester, N. Y. 
CuristTin, H. A., Gen. Supt., Raymond Concrete Pile Co., 923 Munsey Bldg., 
Baltimore, Md. 
CHRISTOFFEL, JOHN, JR., Christoffel Concrete Products Co., 1023 18th St., Mil- 
waukee, Wis. 
*CHUBB, Jos. H., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Il. 
CLANCEY, IRHNE, Portland Cement Association, Chicago, Ill. 
*CLARK, H. P., Corrugated Bar Co., Buffalo, N. Y. — 
*CLARK, ROBYRT J., Hinckley, Ill. 
CLARKE, H. V., The Philip Carey Co., 3611 Loomis Place, Chicago, Ill. 
CLARK, MiuTON T., Truscon Steel Co., Youngstown, Ohio. 
Cipvn, ALBERT, (Portland Cement Assn.), 3823 N. Laundale Ave., Chicago, Ill. 
CLuGeston, C. D., Sales Mgr., Universal Portland Cement Co., 210 S. La Salle 
St., Chicago, Tl. 
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CoLtean, C. H., Gen. Supt., Raymond Concrete Pile Co., 140 Cedar St., New 
York City. 
*COLLIPR, B. C., Cement Gun Co., Inc., Allentown, Pa. 
*COLMAR, DANIEL, Ramloc Stone Co., Inc., Albany, N. Y. 
CoNnAHEY, GEORGE, Field Manager, Portland Cement Assn., New York City. 
*ConpRON, T. L., Condron Company, 53 W. Jackson Blvd., Chicago, Il. 
ConeprR, WALTER C., Truscon Steel Co., Youngstown, Ohio. 
*Conway, H. W., The Barriball Bros. Co., 4103 E. 100th St., Cleveland, Ohio. 
*Cookn, C. E., Kalman Floor Co., Wrigley Bldg., Chicago, Il. 
*CooKn, GEORGE F., Kalman Floor Co., 11 BH. 42nd St., New York City. 
*Coopmr, G. B., Barnesville, Ohio. 
*Coorpr, GILBERT, Ideal Concrete Constr. Co., Joliet, Il. 
CoRNWALL, P. B., Alpha Portland Cement Co., 140 S. Dearborn St., Chicago, Tl. 
*Cox, G. L., Cement Products Co., P.O. Box 935, Birmingham, Ala. 
*Cox, LAWRENCE, Secy., Concrete Units Co., Hammond, Ind. 
*CRABBS, AUSTIN, President, The Cement Products Co., Davenport, Iowa. 
Craic, H. W., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Ill. 
Crepps, R. B., Prof. Testing Materials, Purdue University, W. Lafayette, Ind. 
cCRroM, J. M., Cement Gun Co., Inc., 549 W. Wash., Chicago, Il. 
*CRONKRITH, A. C., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
cago, Ill. 
*Cross, Harpy, University of Illinois, Urbana, Il. 
*CruM, R. W., Iowa State Highway Commission, Ames, Iowa. 
*CUMMINGS, A. B., 452 Fullerton Parkway, Chicago, Tl. (Raymond Concrete 
Pile Co.) 
*CurTIS, A. J. R., Portland Cement Association, Chicago, Ill. 
*DAVIS, HERBERT A., Brooklyn Crozite Brick Corp., 120 W. 42nd St., New York 
City. 
Devos, A. W., Wm. H. Devos Co., 3115 Ann Ave., Milwaukee, Wis. 
*DEINBOLL, F. K., 1263 Brookley Ave., Cleveland, Ohio. 
DIENHART, W. W., Portland Cement Association, Chicago, I. 
*DONALDSON, W. E., Carnegie Steel Co., Pittsburgh, Pa. 
DoutuHeEtt, C. L., Humboldt Gravel & Tile Co., Humboldt, Iowa. 
*DOWDALL, E. J., Universal Portland Cement Co., 210 8. La Salle St., Chicago, Il. 
*DoYLE, W. T., 128 N. Wells St., Chicago, Ill. 
DUBRELL, BH. F., Engineer, Cincinnati, Ohio. 
*DuckeErTtT, N. S., 12 Castlefield Ave., Toronto, Ont. 
*DUNN, J. A., Independent Concrete Pipe Co., 201 N. West St., Indianapolis, Ind. 
Dunpas, F. C., Portland Cement Association, Chicago, Ill. 
*Dunn, H. B., W. BE. Dunn Mfg. Co., Holland, Mich. 
*DUNNELLS, C. G., Carnegie Institute of Technology, Pittsburgh, Pa. 
*DuRGIN, F. L., JR., Cramp & Co., 801 Denckla Bldg., Philadelphia, Pa. 
*DwyemrR, J. R., U. S. Bureau of Standards, Washington, D. C. 
Epwakb, G. G., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Il. 
*KARLBY, JOHN J., 2181 G St., N. W., Washington, D. C. 
Eepwrt, D. R., International Trade Press, Monadnock Blk., Chicago, Ill.. 
Ecr, C. R., Mgr., Highways Bureau, Portland Cement Association, Chicago, II]. 
*HGELHOFF, R. F., 11 Goodell St., Buffalo, N. Y. 
EKBLAW, K. J. T., Portland Cement Association, Chicago, Ill. 
ELDRIDGE, Byron H., 216 S. Ashland Ave., La Grange, II1. 
Emerson, H. B., Universal Portland Cement Co., 210 §. La Salle St., Chicago, Ill. 
ENBLOM, ALBERT, Nelson Enblom Co., 917 Ply. Bldg., Minneapolis, Minn. 
FROELIDE, WILHELMINA, Universal Portland Cement Co., Chicago, Ill. 
*WAIRCHILD, L. J., Hastman Kodak Co., 3195 Lake Ave., Rochester, N. Y. 
Farmer, H. G., Engineer, Universal Portland Cement Co., 526 Frick Bldg., 
Pittsburgh, Pa. 
*WECHHEIMER, 8S. M., 615 Wayne St., Detroit, Mich. 
*FRLLOwS, A. W., Alpha Portland Cement Co., Easton, Pa. 


ee 
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*FERGUSON, JOHN A., 1012 Portland St., Pittsburgh, Pa. 

FLATTER, C. P., Flatter Bros. Co., Green Bay, Wis. 

FLopin, H. L., Portland Cement Association, Chicago, Ill. 

Forp, C. L., Chemist, Structural Materials Research Lab., 1951 W. Madison St., 

Chicago, Ill. . 
FOSHINBAUR, V. G., Portland Cement Association, Chicago, Iil. 
*FOURNIE, ARTHUR J., Swansea Stone Works, R. R. 3, Belleville, Ill. 
FourRNI£, CLEM, Swansea Stone Works,. R. R. 3, Belleville, Il. 
Fournin, Fred, Swansea Stone Works, Belleville, Ill. 

*PRANKLIN, JACK, 1218 Wrigley Bldg., Chicago, Ill. 

FRANKS, C. D., Dist. Engr., Portland Cement Assn., 610 Merchants Bank, 

Indianapolis, Ind. 

*WREEMAN, J. E., 122 S. Michigan Ave., Chicago, Ill. 

*HREEMAN, P. J., 311 Ross St., Pittsburgh, Pa. 

Frees, H. N., 19 S. La Salle St., Chicago, Il. 

*WRIEL, G. M., Anchor Concrete Machy. Co., Columbus, Ohio. 

*FRISKE, A. W., Alois, Wis. 

*WULLENWIDER, C. V. R., The Philip Carey Co., Lockland, Cincinnati, 0. 

GALBb, MISS H., Universal Portland Cement Co., 210 S. La Salle St., Chicago, I]. 
*GARDINER, LION, Vice-Pres., Lakewood Engineering Co., Cleveland, Ohio. 
*GARDINER, W. H., Winston Bros. Company, 801 Globe Bldg., Minneapolis, Minn. 
*GARDNER, FRANC J., Atlas Portland Cement Co., 184 S. La Salle St., Chicago, Ill. 
*GASTON, H. F., 7945 Eberhardt Ave., Chicago, Ill. 

GAUKLER, FRANCIS O., 7237 H. Jefferson Ave., Detroit, Mich. 

*GIHSECKD, F. E., Engrg. Research Diy., University of Texas, Austin, Tex. 
*Gnoren, W. J., Alpha Portland Cement Co., 140 8. Dearborn St., Chicago, Ill. 

Genune, A L., Cal Chemical Co., 327 S. La Salle St., Chicago, Ill. 
*GDRMUNDSSON, TH., 1130 Wells Bldg., Milwaukee, Wis. 

GHSSH, D. H., Sanitary Dist. of Chicago, Chicago, Ill. 

GILDNER, BH. W., Northwestern P. C. Co., Marshalltown, Iowa. 

GILDNER, W. E., Northwestern States Portland Cement Co., Demopolis, Ala. 

GILLHAM, P. D., Princeton, Ill. 

*GINDER, J. W., Supervising Archt., Treasury, Washington, D. C. 

*GINSBERG, FRANK I., T. L. Smith Co., 50 Church St., New York City. 
*GLEASON, KatTr, Commercial St., East Rochester, N. Y. 

*GOLDIB, WM. JR., Goldie Mfg. Co., Wilkinsburg Sta., Pittsburgh, Pa. 
*GONNERMAN, H. F., Lewis Institute, 1951 W. Madison St., Chicago, Ill. 

Goopwin, P. W., Wing & Evans, Inc., 112 W. Adams St., Chicago, Il. 

GossweINn, O. H., Universal Portland Cement Co., 210 S. La Salle St., Chi- 

eago, Ill. 

*GouLD, Hartny J., The Ferro-Concrete Constr. Co., Cincinnati, Ohio. 
*Gow, CHARLES R., 31 St. James Ave., Boston, Mass. 

*Grapy, J. C., Gen. Supt., Turner Constr. Co., 178 Tremont St., Boston, Mass. 

Gururiz, Henry A., Portland Cement Association, 111 W. Washington St., 

Chicago, Ill. 

Happy, H. M., Dist. Engr., Portland Cement Association, Seattle, Wash. 

HammMonp, C. H., Chatter & Hammond, 64 EH. Van Buren St., Chicago, Il. 

Hanna, D. B., Massey Concrete Products Co., 968 Peoples Gas Bldg., Chicago, Ill. 
*HANLEY, J. T., American Wire Fence Co., 10 S. La Salle St., Chicago, Ill. 
*HANSON, E. S., Box 498, Chicago, Ill. 

*Harpine, E. C., Gen. Supt., Ferro-Constr. Co., Cincinnati, O. 

*HARKNESS, J. C., The Consolidated Expanded Metal Co., Braddock, Pa. 

*HarripGn, J. K., Pres., Hydro-Stone Corp., of Ill, 15 H. Van Buren St., Chi- 

cago, Ill. 

*HARRIS, WALLACE R., 542 Monadnock Blk., Chicago, Ill. 

Harrison, W., Universal Portland Cement Co., 210 S. La Salle St., Chicago, U1. 
*HArRT, W. E., Portland Cement Association, 111 West Washington St., Chi- 


eago, Ill. 
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*Harty, JoHN J., Monks & Johnson, 99 Chauncy St., Boston, Mass. 


*Hart, K. A., F. W. Dodge Corp., 131 N. Franklin St., Chicago, Il. 
*Harr, W. K., Purdue University, Lafayette, Ind. 


Harron, FraNnK B., Engineer on Milwaukee Sewerage Comm., Milwaukee, Wis. 

*HAvLIk, Rost. F., Mooseheart, Ill. 

*HAwKk, Lester C., Chemist, Dexter Portland Cement Co., Nazareth, Pa. 

*HILKmER, BE. W., Hilker Supply Co., Granite City, Ill. 

HELLER, MARTIN, 2439 Madison Ave., Granite City, Il. 

HETHERINGTON, G. F., Marquette Cement Mfg. Co., Chicago, Ul. 

HILLMpR, JOHN B., 7237 BE. Jefferson Ave., Detroit, Mich. 

Hinker, J. H., Riley & Hinker, Menominee, Mich. 

*HIRSCHBERG, W. P., 218 Stephenson Bldg., Milwaukee, Wis. 

*HOLLISTER, S. C., Land Title Bldg., Philadelphia, Pa. 

Homes, M. E., U. S. Gypsum Co., Chicago, Il. 

HorMGREN, Ropert N., State of Ill., Dept. of Public Works, 404 Kimball Bldg., 
Chicago, Ill. 

*Hoox, A. S., Calumet Steel Co., 208 S. La Salle St., Chicago, Il. 

Hovpr, A. D., Capital Ave. Cement Works, St. Paul, Minn. 

Howarp, WM. F., Portland Cement Association, Chicago, Ill. 

HuBBARD, C. P., Stone & Webster, Inc., 38 8. Dearborn St., Chicago, I. 

*HUEBER, PAUL, Hueber Bros., Syracuse, N.Y. 

*Hucues, HE. E., Franklin Steel Works, Franklin, Pa. 

*Hueues, T. L., Lehigh Portland Cement Co., 831 Conway Bldg., Chicago, Ul. 

*HUMPHREY, D. S., The Humphrey Co., Huclid Beach Park, Cleveland, O. 

*HuMpuHREY, RicHarD L., 805 Harrison Bldg., Philadelphia, Pa. 

Hunuey, J. B., Bridge Engr., C. C. C. & St. L. Rly., Cincinnati, O. 

*HUTCHINSON, G, W. Celite Prod. Co., Raleigh, N. C. “ 

*HuTrTer, Guoren F., Hutter Constr. Co., Fond du Lac, Wis. 

ILLSLEY, RICHARD M., 908 Seward St., Evanston, Ill. 

*IMLHR, Roy F., Thos. W. Noble & Co., 1503 BE. 73rd St., Chicago, M11. 

*INGEMANSON, T. W., 5944 W. Erie St., Chicago, I. 

*INSLED, C. L., Pres., Guarantee Constr. Co., 140 Cedar St., New York City. 

IRWIN, A. C., Portland Cement Assn., Chicago, Ill. : 

*IRWIN, O. W., 1128 Ford Ave., Youngstown, O. 

Ives, C. B., Dixon Concrete Co., 706 E. Fellows St., Dixon, Il. 

Ives, Dr. C. H., Dixon Concrete Co., Dixon, 11. 

* JACKSON, C. BLAKE, Pres., Jackson-Lewis Co., Ltd., Federal Bldg., Toronto, Ont. 

JACOBSON, H. H., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 

JAMES, J. R., Detroit Edison Co., 2000 Second Ave., Detroit, Mich. 

JANISCH, JOHN L., Pres. Chicago Cement Burial Vault Co., 53801 Ravenswood 
Ave., Chicago, Ill. 

JENKIN, DANIEL, 801-11 N. Vermillion, Streator, Il. 

JENNINGS, D. F., Associate Editor, Concrete, 1807 E. Grand Blvyd., Detroit, Mich. 

JOHNSON, A. N., University of Maryland, College Page, Md. 

JOHNSON, C. H., N. C. & St. L. Ry., Nashville, Tenn. 

JOHNSON, Miss E., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 

JOHNSON, H. C., Sanitary District of Chicago, Chicago, Ill. 

JOHNSON, MARSHALL C., Western Megr., Concrete, 15 BH. Van Buren St., Chi- 
cago, Ill. 

JOHNSON, WM. R., Research Engineer, Portland Cement Association, Chi- 
eago, Ill. 

*JONES, WALTHR E., Federal Concrete Co., 667 Wyoming Ave., Buffalo, N. Y. 

JONES, Mrs. WALTER B., Buffalo, N. Y. 

JOSLIN, OrTo, Supy. Engr., N. C. & St. L. Ry., Nashville, Tenn. 

KENDALL, LELAND, Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Tl. 
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*KAUN, ALBERT, Detroit, Mich. 

Kaiser, W. G., Portland Cement Association, 111 WwW. Washington St., Chi- 
eago, Ill. 

*KALTENBACH, G. W., American Ambi Corp., 345 Madison Ave., New York City. 

*KAMMERER CEMENT PRODUCTS Co., El Paso, Ill. M. Kammerer, Supt. 

*KBLLEY, F. M., Pres., Helderberg Cement Co., Albany, N. Y. 

*KELLEY, JOHN M., Henderson Corp., 511 Wood St., Pittsburgh, Pa. 

KIpNSTRA, FRANK T., Kienstra Bros., Wood River, Ill. 

*KINNEY, WM. M., General Manager, Portland Cement Association, Chicago, Ill. 

*KiInG, A. W., Kalman Floor Co., Wrigley Bldg., Chicago, Il. 

*KIRCHER, PAUL, Megr., Pole Dept., Massey Concrete Products Corp., Chicago, Il. 

*KLEIN, W. H. Dixie Portland Cement Co., Chattanooga, Tenn. 

KimMME, W. G., Hilker Supply Co., Granite City, Il. 

KNEBES, ERVIN L., Asst. City Engineer, City Hall, Milwaukee, Wis. 

*KNOWLTON, W. B., American Woolen Co., Andover, Mass. 

Kos, F. X., 1225 B. Grand Blvd., Detroit, Mich. 

KRIPPNER, JOHN, 1515 Monroe Bldg., Chicago, Ill. 

Krounn, F. C., Mer., Preston Products Corp., West Allis, Wis. 

*CastT Stonwp Co., 816 Commerce Bidg., St. Paul, Minn. Harry G. Krum, Secy. 

*KVITRUD, I., 754 Builders Exchange, Minneapolis, Minn. 

LAWLER, J. G., Universal Portland Cement Co., 210 La Salle St., Chicago, Ill. 

Loomis, Marcia, Universal Portland Cement Co., Chicago, Il. 

*LAMBIE, J. E., President, Lambie Concrete House Corp., 5901 Hydraulic Ave., 
Cleveland, Ohio. 

*LAPHAM, JOHN R., George Washington University, Washington, D. C, 

*LAPIDRRE, C. C., Canada Cement Co., Ltd., Montreal, P. Q., Canada. 

Lantz, 8S. R., Universal Portland Cement Co., Chicago, Il. 

Lop, J. H., Dist. Hngr. of Materials, Spurling Bldg., Elgin, Il. 

*LEFFLHR, R. R., 7021 Oriole Ave., Chicago, Ill. 

*LEHANEY, J. A., The Kansas Portland Cement Co., Kansas City, Mo. 

*LuMOINE, A. B., Canada Cement Co., Ltd., Montreal, P. Q. 

*LussarD, L. P., Kalman Steel Co., Wrigley Bldg., Chicago, Il. 

LInSSMANN, W. A., Elgin Cast Stone Co., 885 St. Charles St., Elgin, III. 

*LICHTENBERG, H. L., Koehring Co., Milwaukee, Wis. 

*LIBBERTON, J. H., 40 Rector St., New York City. 

*LINDAHL, O. N., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 

*LINDAU, A. H., Otis Bldg., Chicago, Ill. (President American Concrete Institute) 

*LINDSLEY, C. H., C. E. Lindsley Co., Irvington, N. J. 

LitpHisnr, R. R., Portland Cement Association, Chicago, Il. 

*LiveRMoRE, A. C., W. A. B. Home Building Co., Wilmerding, Pa. 

*LIVINGSTON, J. A., 832 Weston Road, Toronto, Ont. 

*LOCKHARDT, W. F., 347 Madison Ave., New York City. 

Lonw, Oscar W., Truscon Steel Co., 7338 Woodward Ave., Detroit, Mich. 

*LOPStTmuDT, O. B., Modern Construction Co., Grand Junction, Iowa. 

*Lock JOINT Pippy Co., Ampere, N. J. J. H. Longley, Secretary. 

*LORD, ARTHUR R., 140 S. Dearborn St., Chicago, Il. 

*LorInG, H. D., Chief Engr., Ferro-Concrete Constr. Co., Cincinnati, Ohio. 

*Lovu, H. J., Secy., National Slag Assn., Cleveland, Ohio. 

*LOVING, M. W., American Concrete Pipe Assn., 111 W. Washington St., Chi- 
eago, Ill. 

*LOWELL, J. W., Asst. Mgr., Universal Portland Cement Co., Chicago, Ill. 

Lupitow, G. R., Francisco & Jacobus, 511 5th Ave., New York City. 

Lurin, E. M., c/o Wharton Clay, 123 W. Madison St., Chicago, III. 

Lutz, A., Estimator, C. B. & Q. Rly., Chicago, Ill. 

Lyncu, ArTHUR J., Concrete Products, 542 Monadnock Bldk., Chicago, Ill. 

Moucar, CHARLHS, Universal Portland Cement Co., Chicago, Ill. 


778 List oF REGISTRANTS. 


McKorcka, CHARLES, Downers Grove, Ill. 

*MARANI, VIRGIL G., Chief Engr., The Gypsum Industries, 844 Rush St., Chi- 
eago, Il. 

MacDoNnaLD, H. H., Secy., The Gypsum Industries, 844 Rush St., Chicago, Ill. 

*MaccowANn, B. S., N. W. Mgr., Service Bureau, Universal Portland Cement Co., 
Minneapolis, Minn. 

MANARD, RoBERT P., W. W. Ablschlager, Inc., 65 4. Huron St., Chicago, Il. 

*MARKLAND, M. B., Pres., M. B. Markland Co., Atlantic City, INT 
MARKLAND, N. C., Northwestern Cement Drain Tile Co., Starbuck, Minn. 
MARSHALL, R., Concrete, 1807 E. Grand Blvd., Detroit, Mich. 

*MarTINn, E. S., 16 Saulter St., Toronto, Ont. 

MartTIN, S. G., Field Engr., Universal Portland Cement Co., Chicago, Il. 
Mayer, C. H., Schmidt, Garden & Martin, 1515 Monroe Bldg., Chicago, Il. 

*MAYNARD, ARTHUR J., State Farm, Mass. 

MpacHy, P. H., c/o H. B. Barnard, 140 S. Dearborn St., Chicago, Ill. 

*Muinr, H. E., N. W. Davenport Cement Block Co., 1419 Division St., Daven- 

port, Ia. 

MESSINGER, F. D., Michigan State Highway Dept., Lansing, Mich. 

Mertz, Louis A., 3625 Dewey Ave., Omaha, Nebr. 

*Mnynr, C. Louis, President Concrete Engineering Co., Omaha, Nebr. 

*Mnypr, M. W., Meyer, Morrison & Co., Inc., 89 Cortlandt St., New York City. 
Meyer, R. W., Atlas Portland Cement Co., Corn Exchange Bank Pldg., Chi- 

cago, Ill. 

*MILLER, F. B., The Standard Slag Co., Youngstown, Ohio. 

MOHAN, M. J., Overland, Mo. 

Manson, C. E., Lehigh Portland Cement Co., Kansas City, Mo. 

*Moorn, O. L., Universal Portland Cement Co., Chicago, I]. 

*MorrRIS, CLhypn T., Ohio State University, Columbus, Ohio. 

Mowry, C. WESLEY, 5724 Maryland Ave., Chicago, Ill. 

Mrouk, Laupin J., Christofell Concrete Products Co., Milwaukee, Wis. 

*MCBURNEY, J. W., 6 Rockwell Bldg., Cleveland, O. 

*McCuLLouGH, F. M., Carnegie Institute of Technology, Pittsburgh, Pa. 
McGraw, GrORGE B., Raymond Concrete Pile Co., 111 W. Monroe St., Chi- 

cago, Ill. 

McKinney, A. J., McKinney-Goodmant Co., Kempton, Ill. 

*McKINSTRY, R. W., 64 N. Monroe St., Chicago, Ill. 

*MCMILLAN, EH. C., Kalman Floor Co., 508 Empire Bldg., Detroit, Mich. 

*MCMILLAN, F. R., 628 Metropolitan Bank Bldg., Minneapolis, Minn. 
MCMULLEN, JOHN R., 5057 Lake Park Ave., Chicago, Il. 

McNALLY, D. H., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 
NAGEL, ARNO, Libertyville Cement Works, Libertyville, Ill. 

*NaGayA, S., Chief Engr., Japanese Government Rly., Tokyo, Japan. 

*NATIONAL LIME ASSN., Construction Engr., Andrews Hotel, Minneapolis, Minn. 
NELFUS, H. V. H., Francisco & Jacobus, 39 S. La Salle St., Chicago, Il. 
NELSON, J. L., Sales Dept., Universal Portland Cement Co., Chicago, Ill. 
NELSON, JOHN A., Nelson-Enblom Co., 917 Ply. Bldg., Minneapolis, Minn. 
NEVINS, Harry G., Salesman, Sandusky Cement Co., Cleveland, O. 

NEWBOLD, A. D., Truscon Steel Co., 22 West Monroe St., Chicago, Ill. 

*NICHOLS, CHARLES E., Stone & Webster, Inc., 147 Milk St., Boston, Mass. 
NICHOLS, Harry W., Geologist, Field Museum, Chicago, Ill. 

*NosLy, T. W., Thos. W. Noble & Co., 35 S. Dearborn St., Chicago, Il 
NorDSTROM, Epen A., Nordstrom & Sons, Rockford, Tl. 

Norpstrom, M. V., C. F. Nordstrom & Sons, Rockford, Ill. 

NorRIS, ALVIN, 506 9th St., Manitowoc, Wis. 

Nortuway, M. E., Omaha Concrete Stone Co., Omaha, Nebr. 

O’Brinn, M. J., Underwriter’s Laboratories, 207 E. Ohio St., Chicago, Tl. 
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*OGDEN, WILLIAM, Lakewood BHngineering Co., Cleveland, O. 

*OLSEN, HuGHNE F., Gen. Megr., Anchor Cencrete Machy. Co., Adrian, Mich. 
OLSEN, JOHN, President, Anchor Concrete Machy. Co., Rock Rapids, Iowa. 
*OHLIGSCHLAGHR, J. B., National Concrete Construction Co., 54 Board of Trade, 

Louisville, Ky. 
OHLIGSCHLAGER, CATHERINE, Louisville, Ky. 

*OLSEN, E., Badger Concrete Co., Oshkosh, Wis. 

OLSEN, Gro. A., Editor, Building Supply News, 407 S. Dearborn St., Chicago, Ill. 
O'NEIL, H. N., Asst. Sales Megr., Lehigh Portland Cement Co., 831 Conway 
Bldg., Chicago, Il. : 

*ORD, WILLIAM, 210 N. Clinton St., Chicago, Il. 

*ORNITzZ, EpwarpD M. (Blaw-Knox Co.), 5734 Wilkins Ave., Pittsburgh. Pa. 
Ottn, E. C. (Vice-Pres., American Bldg. Corp.), 5458 Kenmore Ave., Chicago, Il. 
Owrns, L. J., Chief Designer, C. B. & Q. Rly. Co., 547 W. Jackson Blvd., 

Chicago, Ill. 

*PARKIN, C. H., Vortex Mfg. €o., 1978 West 77th St., Cleveland, Ohio. 
PAULY, Epw. C., Charles Pauly & Son, Granite City, Il. 

*PHARSON, J. C., Lehigh Portland Cement Co., Allentown, Pa. 

*PHASH, B. S., American Steel & Wire Co., 208 S. La Salle St., Chicago, Ill. 

*PorkY, J. P. H., Turner Constr. Co., 244 Madison Ave., New York City. 
*PETHRSON, N. J., Pres., Ideal Cement Stone Co., Omaha, Nebr. 

*PEYTON, CHARLES, Marquette Cement Mfg. Co., 140 S. Dearborn St., Chicago, I]. 
*PEYTON, LAcy, Peyton’s Concrete Works, Benton, Ill. 

PINKERTON, EVELYN, Universal Portland Cement Co., Chicago, Il. 

*PimRcH, DANA, President, Underwriters’ Laboratories, 207 E. Ohio St., Chi- 

eago, Ill. he 

*PLAYFORD, S., 512 S. Home Ave., Oak Park, Ill. 

Porter, G. W., Universal Portland Cement Co., Chicago, Ill. 
PRARD, JOHN G., Gibraltar Cement Block Co., Indianapolis, Ind. 

*PRICH, PAUL R., Marquette Cement Mfg. Co., 1331 Marquette Bldg., Chicago, Ill. 
*PRIBSTER, O. F., Vice-Pres., Priester Constr. Co., Davenport, Iowa. 

*PUTMAN, W. B., Asher Fire Proofing Co., 815 15th St., N. W., Washington, D. C. 
QUEBBEMAN, EDWARD, Div. Sales Manager, Universal Portland Cement Co., 

Chicago, Ill. 
RAFFIN, LOUIS, 382 East 116th St., Chicago, 11. 

*RANSOHOFF, N., Gen. Megr., Ideal Concrete Machy. Co., Cincinnati, Ohio. 
*RANSOME, A. W., Monadnock Bldg., San Francisco, Calif. 

RAWCLIFFH, WH. F. (Portland Cement Association), Downers Grove, Ill. 
RwHoADS, H. Sam, H. Sam Rhoads Co., Taylorville, Il. 
Ricr, W. EH., Rice & Woods, Tiskilwa, II]. 

*RICHART, F. E., 300 Lab. of Applied Mechanics, Univ. of Il]., Urbana, Il. 
RIDDERWOLD, A. S., Schmidt, Garden & Martin, Monroe Bldg., Chicago, Ill. 
Ropwyrts, C. A. Galien Concrete Tile Co., Galien, Mich. 

ROBERTSON, R. D., Research Engr., 1951 W. Madison St., Chicago, Ill. 

*ROBERTSON, W. H., Massey Concrete Products Corp., 969 Peoples Gas Bldg., 

Chicago, Ill. 
ROBINSON, HueH M., Underwriter’s Laboratories, 207 HB. Ohio St., Chicago, III. 
ROBINSON, JAY W., Robinson & Eldridge, Auburn, N. Y. 
RoBINSON, L. O., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 
Rock woopD, NATHAN C., Editor, Rock Products, 542 S. Dearborn St., Chicago, II. 
Rouwer, O. H. D., Universal Portland Cement Co., Chicago, Il. 
Roongy, A. J., Huron Portland Cement Co., 1825 Ford Bldg., Detroit, Mich, 
*Roos, H. W. The H. W. Roos Co., 2086 Dana Ave., Cincinnati, Ohio. 
Rosine, AnToN S., Portland Cement Association, Chicago, Ill. 
Ruse, Jos. S., The H. K. Ferguson Co., Cleveland, Ohio. 
Rusu, D. B., Mgr. Cement Dept., Robert W. Hunt Co., 2200 Ins. Exchange 


Bldg., Chicago, Ill. 
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RUSSELL, Harry H., Rice & Woods, Tiskilwa, Il. 

Scuurs, A. W., Universal Portland Cement Co., Chicago, Il. 

Scuarrer, H. A., Conservation Engr., Portland Cement Association, Chicago, Ill. 

*SCHEIDENHDLM, EDWARD L., Edward L. Scheidenhelm Co., 111 W. Monroe 8t., 
Chicago, Ill. 

ScHuLTzZ, BEN, Elgin Cast Stone Co., Bartlett, Il. 

Scuuttz, R. E., Hlgin Cast Stone Co., Bartlett, Ill. 

*ScHURMANN, HowarbD, Independent Concrete Pipe Co., Indianapolis, Ind. 

Scuwapa, Jos. P., City Engineer, Milwaukee, Wis. 

*Scorr, S. W., Alpha Portland Cement Co., Easton, Pa. 

*Scort, W. W., JR., Laclede Steel Co., St. Louis, Mo. 

ScovpL, JAS. D., Universal Portland Cement Co., 210 S. La Salle St., Chi- 
eago, Ill. 

*Spirprt, FRANK A., Synthetic Tile Co., St. Louis, Mo. 

*SHAFHR, SAM, JR., Chain Belt Co., Milwaukee, Wis. 

SHAaw, EpMuND, Rock Products, 542 S. Dearborn St., Chicago, Ill. 


*SHERTZHR, TYRELL B., Ohio Dolomite Association, Dennison Hotel, Columbus, oO. 
SKOGLUND, J. S., Northwestern Concrete Drain Tile Co., Starbuck, Minn. 


*SLatpR, W. A., 901 S. Busey Ave., Urbana, Ill. 

*SmaLt, A. R., Vice-Pres., Underwriters Laboratories, Inc., 207 E. Ohio St., 
Chicago, Ill. 

SmitH, GRANT J., 955 E. 26th St., Erie, Pa. 

*SmiTH, BLAINE S., Gen. Sales Mgr., Universal Portland Cement Co., Chicago, Ill. 

SmitH, CHARLES D., Hutter Constr. Co., Fond du Lac, Wis. 

*Snypur, H. N., Mgr., Buffalo Slag Co., 1072 Hllicott Sa., Buffalo, N. Y. 

Snypgmr, Mrs. H. N., Buffalo, N. Y. 

*SoRENSON, JULIUS, Sons Co., 1805 W. 6th St., Racine, Wis. 

*Spaure, C. C., 611 Linton Ave., York, Pa. (York Patent Bldr. Blox Co.) 

SpPprakps, H. E., President, Speakes Co., St. Paul, Minn. 

*SPRINGER, H. B., Gen. Mgr., Dixie Concrete Products Co., Chattanooga, Tenn. 

*STaRRETT, R. A., Anti-Hydro Waterproofing Co., 317 W. 95th St., New York 
City. 

*STRAUB, F. J., New Kensington, Pa. 

*STEPHENS, A. W., Turner Constr. Co., 244 Madison Ave., New. York City. 

*STEPHANI, E. L., Universal Roofing Tile Co., 4113 N. Keeler Ave., Chicago, Ill. 

*STHWARD, CHARLES A., Plano Concrete Works, Plano, Il. 

*STEWARD, W. R., Steward & Silver, 525 E. Hudson, Columbus, O. 

*STEWART, C. M., Consolidated Expanded Metal Co., Philadelphia, Pa. 

STINEMAN, NORMAN M., Portland Cement Association, Chicago, Ill. 

Stony, F. L., Universal Portland Cement Co., Chicago, Ill. 

*Swanson, A. G., Omaha Concrete Stone Co., Omaha, Nebr. 

Swett, LesLin W., Lakewood Engineering Co., 11 S. La Salle St., Chicago, Ill. 

SHRIBER, WM., Universal Portland Cement Co., Chicago, Ill. 

*TaLBoT, A. N., University of Ill., Urbana, IJ. 

*TALBOT, KENNETH H., Koehring Co., Milwaukee, Wis. 

TAYLOR, FRANK, Shelbyville, Il. 

TAYLOR, JOS, Portland Cement Association, Chicago, Ill. 

TEMPEST, WM. F., Portland Cement Association, Chicago, IJ]. 

TENCHER, Dist. Manager, Dwight P. Robinson & Co., 1962 Conway Bldg., Chi- 
cago, Ill. 

Tescu, F. J., Universal Portland Cement Co., Chicago, Il. 

*THOMPSON, SANFORD E., The Thompson & Lichtner Co., 1386 Federal St., Bos- 
ton, Mass. ; 

*THOMSON, W. S8., Chief Engineer, Corrugated Bar Co., Inc., Buffalo, N. Y. 

TuRIFT, B. A., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Ill, 

*TINKLER, J. W., 315 Snowden Ave., Toronto, Ont. ; 

*TocH, MAXIMILIAN, Toch Brothers, 110 HE, 42nd St., New York City. 
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TOLLEN, JoHN, Central Machine Works Co., Minneapolis, Minn. 

*TozzER, ARTHUR C., Turner Constr. Co., 178 Tremont St., Boston, Mass. 
Tracy, M. J., Midland Valley Coal & Material Co., Overland, Mo. ’ 
TRATMAN, BH. B. R., Assoc. Editor, Engineering News-Record, 1570 Old Colony 

Bldg., Chicago, Ill. 

*TUBESING, WM. F., Rm. 216, Insurance Bldg., Milwaukee, Wis. 

TuRNDR, J. ARCHER, Turner Constr. Co., 1713 Sansom St., Philadelphia, Pa. 
*TuRNmR, H. C., Turner Constr. Co., 244 Mailison Ave., New York City. 
*UPSON, MAXWELL M., 140 Cedar St., New York City. 

*UrquuHart, L. C., Cornell University, Ithaca, N. Y. 

*USILTON, L. H., Barney-Ahlers Constr. Co., 110 W. 40th St., New York City. 
UTPADEL, ALBERT, Chicago, Illinois. 

VAN BHNTHUSEN, J. W., Universal Portland Cement Co., Chicago, Ill. 

*VAN Doorn, J. C., 836 Security Bldg., Minneapolis, Minn, 

VAN Zant, Pau C., Cement Securities Co., Denver, Colo. 

Vouk, Frup G., Gary Tube Co., 826 Lincoln St., Chicago, Ill. 

VENTWEIN, SAM, 308 Bensington, Chicago, Ill. 

Witpy, A. C., Universal Portland Cement Co., Chicago, Ill. 

Wo.r, Hazeu, Universal Portland Cement Co., Chicago, Il. 

*WADDELL, W. H., R. R. No. 2, St. Catherines, Ont., Canada. 

WAHL, E. J., The Concrete Stone Silo Co., 514 Masonic Temple, Minneapolis, 

Minn. 

WALKER, H. O., Concrete Engineering Co., Marquette Bldg., Chicago, Il. 
*WALKER, FRANK R., 536 Lake Shore Drive, Chicago, Ill. 

WALKER, GEORGE T., Structural Mat. Research Laboratory, Lewis Institute, 

Chicago, Ill. 

*WALKER, STANTON, Lewis Institute, 1951 W. Madison St., Chicago, Ill. 
WALLACE, Ropr. W., Universal Portland Cement Co., Chicago, Ill. 

*WarpD, H. A., Turner Constr. Co., 11 Goodell St., Buffalo, N. Y. 

*WARREN, G. E., Portland Cement Association, Chicago, Il. 

*Wuitz, R. W., Charles Weitz’ Sons, Des Moines, Iowa. 

*WHEISS, PHILIP, 132 S. 7th St., Philadelphia, Pa. 

*WESTDPRGAARD, H. M., University of Illinois, Urbana, Il. 

*WETSTHIN, M., Pres., The Concrete Surfacing Machy. Co.,.1205 Harrison Ave., 

Cincinnati, O. 

*WHEBELER, B. C., Marquette Cement Mfg. Co., 140 S. Dearborn St., Chicago, Il. 
*WHHEDLER, E. J., Wells Bros. Constr. Co., Chicago, Ill. 

*WHIPPLE, Harvey, Concrete-Cement Age Publishing Co., Detroit, Mich. 
*WHIPPERMAN, FRANK, Diamond Concrete Products Co., Omaha, Nebr. 
*WuHItTn, W. H., Kalman Steel Co., Chicago, Ill. 

WHITING, LnoN W., Universal Portland Cement Co., Chicago, Ill. 

*Wuitnny, C. S., Hool, Johnson & Whitney, Milwaukee, Wis. 

*WIGHT, FRANK C., Hngineering News-Record, 10th Ave. at 36th St., New 

York City. 

*WIGHTMAN, S. H., 53 W. Jackson Blvd., Chicago, Ill. 

WILK, BHNJAMIN, Universal Portland Cement Co., Chicago, Il. 

WILLBER, CHARLES E., Willber Concrete Product Co., 234 Sabin St., Jackson, 

Mich. 
WILLIAMS, Davip, Managing Editor, Cement and Engineering News, 22 Quincy 
St., Chicago, Il. 

WILLIAM, H. R., Materials Service Corp., 21 N. La Salle St., Chicago, Il. 

WILLIAMS, R. A., C. B. Johnson & Son, Conway Bldg., Chicago, Il. 
*WILLIAMSON, F. L., Dewey Portland Cement Co., Kansas City, Mo. 

*WILSON, E. B., Pres., American Bureau of Inspection and Tests, Chicago, III. 

Witson, J. K., Mgr., Lamar Pipe and Tile Co., 329 Mich. Trust Bldg., Grand 

Rapids, Mich. 
WILSON, RAYMOND, Chemist, 1951 W. Madison St., Chicago, Ml. 
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*WILLSON, S. H., Kalman Floor Co., 514 Merchants Bank Bldg., St. Paul, Minn. 

wirt, G. A., Chicago Manager, Consolidated Exp. Metal Co., 6706 Merrill Ave., 
Chicago, Ill. 

*Wirupy, M. O., Madison, Wis. (University of Wisconsin) 

*wirt, J. C., 881 Cornelia Ave., Chicago, Hl. 

Woopy, C. C., Secy., Madison Cement Stave Silo Co., Winona Minn. 

WootpripcE, Miss B. E., Universal Portland Cement Co., Chicago, Il. 

*WooLson, Ira H., Nat. Board of Fire Underwriters, 76 William St. New 
York City. 

*YANDELL, C. H., Yandell & Conger, Jackson, Tenn. 

Younc, Grorcr R., 508 Market St., Milwaukee, Wis. 

*Youna, R. B., Hydro-Electric Power Comm., Toronto, Ont. 


MEMBERS AMERICAN CONCRETE INSTITUTE. 
An Asterisk (*) designates a Supporting Member. 


Asp, MIKISHI, 24 Mita S Temple, Shiba, Tokyo, Japan. 
*ABERTHAW COMPANY, 27 School St., Boston, 9, Mass. (lL. C. Wason.) 
ABRAMS, Durr A., Lewis Institute, 1951 W. Madison St., Chicago, Ill. 
AcuEson, W. M., Div. Engr., New York State Highway Commission, Syra- 
cuse, N. Y. a 

ACME CONCRETE PRODUCTS AND GRAVEL Co., Cement City, Mich. (EH: W. 
Dienhart, Gen. Mgr.) 

Avpis, WILLIAM G., 64 Somerset Ave., Winthrop, Mass. 

*AETNA PoRTLAND CEMENT Co., 205 Lincoln St., Boston, Mass. (Franklin 
R. Johnson, Pres.) 

AFFLECK, B. F., 210 S. LaSalle St., Chicago, Ill. (Universal Portland Ce- 
ment Co.) 

AGRAMONTE, ALBERT A., Simbron 3191, Buenos Aires, Argentina. 

AHEARN, R. L., c/o Barney-Ahlers Constr. Co., 110 W. 40th St., New York 
City. 

AKTIEBOLAGET ARMERAD Brronc, Malmo, Sweden. (David Andersson.) 

AKTIEBOLAGET MARINBETONG, Nykoping, Sweden. (EE. V. Carlsson.) 

AvspricHtT & Mrsus, 1502 Locust St., Philadelphia, Pa. (Charles F. Mebus.) 

ALpRIDGE, H. V., 208 S. LaSalle St., Chicago, Ill. (Universal Portland Ce- 
ment Co.) 

ALGER, H. H., 244 Madison Ave., New York, N. Y. (Turner Constr. Co.) 

Attn, A. L., 2615 Regent St., Berkeley, Calif. 

ALLEN, CLEVELAND, 511 5th Ave., New York City. (Francisco & Jacobus.) 

ALLEN, LESLIE H., 2137 S. 38th St., Cicero, Ill. (Concrete Tile Machy. Co.) 

ALLEN, O. T., 208 S. LaSalle St., Chicago, Ill. (American Steel & Wire 
Co.) 

ALLEN, W. M., Son & Co., 929 Jefferson Bldg., Peoria, Ill. (A. W. Allen, 
Pres.) 

ALLENTOWN PoRTLAND CEMENT Co., Allentown, Pa. 

ALLIANCE Hortow CrmMEeNtT Brock Co., Northampton, Pa. (J. H. Van 
Middlesworth. ) 

AuLison, H. H., 1015 W. Ash St., Salina, Kans. (Concrete Products Co.) 

*ALPHA PORTLAND CEMENT Co., Easton, Pa. (L. Anderson, Jr.) 

ALVAREZ, ALBERTO, Calzada Piedad 192, Mexico, D. F., Mex. 

ALVAREZ, HNos, Sucr., Calzada Juarez 35, Queretaro, Qro., Mexico. (Sal- 

vador Alvarez.) 

AMERICAN AMBI CorP., 345 Madison Ave., New York City. (G. W. Kalten- 

bach.) 

AMERICAN BUREAU OF INSPECTION AND TESTS, THE, Monadnock Blk., Chi- 

cago, Ill. (E. B. Wilson, Pres. ) 

AMERICAN CAN Co., 120 Broadway, New York City. (C. G. Preis.) 
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AMERICAN CEMENT Paint Co., Box 294, Chattanooga, Tenn. (W. 12, 10) 
Moross. ) 

AMERICAN CONCRETE Co., 511 Lincoln Bldg., Detroit, Mich. (Stanley H 
Edmunds. ) 

AMERICAN CONCRETE Pipe ASSN., 111 W. Washington St., Chicago, Ill. 
(M. W. Loving.) 

AMERICAN CONCRETE STEEL Co., 27 Clinton St., Newark, N. J. (J. B. 
Wright. ) 

AMERICAN Harp WALL PLASTER Co., Utica, N. Y. (T. P. Eldred, Secy.) 

AMERICAN SANITARY PRopucts Co., Stamford, Conn. (I. M. Brown, Pres.) 

AMERICAN SYSTEM OF REINFORCING, 10 LaSalle St., Chicago, Il. (Arthur 
A. Clemert.) 

ANCHOR CONCRETE MACHINERY Co., 530 Dublin Ave., Columbus, O. (G. 
M. Friel, Mgr.) 

ANCHOR BuiLpine Co., 1182 Magnolia Ave., Elizabeth, N. J. (John F. 
Eilbacher, Pres. ) 

ANDERSON Bros., 3118 Alamogordo St., El Paso, Tex. (W. R. Anderson.) 

ANDERSON, Tone Epwarp, Box 40, Te Puke, Bay of Plenty, New Zealand. 

ANDERSON, W. T., 60 Tennis Place, Forest Hills, Long Island, N. Y. 

ANDERSON, WALTER W., Technology Club, of N. Y., 17 Grammercy Park, 
New York, N. Y. 

ANTI-HYDRO WATERPROOFING COMPANY, 39 Cortland St., New York City. 

ARAKI, GENJI, Kyoto Imperial University, Kyoto, Japan. 

ARBORIO ROAD ConstRuUCTION Co., INc., Main St., Hartford, Conn. (John 
Arborio, Pres. 

ARCHIBALD & HotMeEs, Continental Life Bldg., Toronto, Ont. (A. R. 
Holmes. ) | 

ARNOLD STONE, BRick & TLE Co., Inc., Lem Turner and 47th Sts., Jack- 
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Inness, R. D., c/o Aiken & Inness, Sec. 1 and 2, Welland Ship Canal, 
St. Catherines, Ont. / 

Innis, R. L., Govt. Drainage Dept., Thornton, Bay of Plenty, N. Z. 

InsLEY, WM. H., P. O. Box 167, Indianapolis, Ind. (Insley Mfg. Co.) 

“Insrey Mre. Co., P. O. Box 167, Indianapolis, Ind. (Wm. H. Insley.) 

*[ystey Mre. Co., P. 0. Box 167, Indianapolis, Ind. (Alvin C. Rasmussen. ) 

INTERLOCKING CEMENT STaAvE Sito Co., 709 8. Wichita St., Wichita, Kans. 
(Kent Merry, Pres.) 

“[NTERNATIONAL CEMENT Corp., 342 Madison Ave., New York City. 

Towa Concrete Propucrs Assn., 405 Hubbell Bldg., Des Moines, Jowa. 
(Ross Dowell.) 

IRWIN, ORLANDO W., 1128 Ford Ave., Youngstown, Ohio. (Truscon Steel 
Co.) ; 

Irwin & Leiguron, 126 N. 12th St., Philadelphia, Pa. (E. M. Campbell.) 

Jackson, F. H., U. S. Bureau of Public Roads, Washington, D. C. 

Jackson, R. B., 527 W. Ganson St., “Jackson, Mich. 

J ACKSON- faeces Co., Lrp., Tus, Ryrie Bldg., 229 Yonge St., Toronto, Ont. 
(C. Blake Jackson, Pres.) 

JACKSONVILLE Concrete Propucts Co., 530 Riverside Ave., Jacksonville, 
Fla. Pe C. Hedrick.) 

Jacosy, H. 8., 6523 Euclid Ave., Cleveland, Ohio. (H. K. Ferguson Co.) 

JEFFERS, Path, i 720 Pacifie Finance Bldg., Los Angeles, Calif. 

JeNRICK, WM. F., 147 Milk St., Boston, Mass. 

Jewerr, Joun Y., Administration Bldg., Balboa Park, San Diego, Calif. 

JEWKES & Sons Co., JOSEPH, 676 Monta er St., Jersey City, N. J. 
(Francis R. Jewkes.) 

Jounson, Atcor F., 809 1st National Soo Line Bldg., Minneapolis, Minn. 

JOHNSON, FRANK iL, Ellsworth, Wis. 

JoHNSON, Lewis J., Harvard University, Cartilage Mass. 

Jounson, N. C., 342 Madison Ave., New York City. 

JoHnson, T. H., 319 Iowa Bldg., Sioux City, Iowa. 

JOHNSTON, Rosert §S., 3604 McKinley St., N. W., Washington, D. C. 
(Bureau of Standards.) 

JONES, BEVAN, 342 Madison Ave., New York City. 

Jones, D. W., Supt. of Buildings, City Hall, Binghamton, IN-ENS 

Jones Construction Co., H. N., Alamo Theater Bldg., San Antonio, 
Texas. (C. M. Bushick, Vice-Pres.) 

Jonns, J. Hart, Columbia, N. J. 

Juneciaus Co., WM. P., 825 Massachusetts Ave., Indianapolis, Ind. (PF. 
W. Jungclaus. ) 

Kaun, ALBERT, Marquette Bldg., Detroit, Mich. 

Kann, Gusrave, Youngstown, Ohio. (Truscon Steel Co.) 

Karser, B. J., 1515 Union Bank Bldg., Pittsburgh, Pa. 

KALMAN Foor Co., 410 N. Michigan Ave., Chicago, Ill. (C. E. Cooke.) 

*KALMAN Steet Co., 410 Michigan Ave., Chicago, Ill. (William 8. Thom- 
gon. ) 
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“KALMAN STEEL Co., 410 N. Michigan Ave., Chicago, Ill. CAP Clarks) 

“KANSAS PORTLAND CEMENT Co., Federai Reserve Bank Bldg., Kansas 
City, Mo. (J. A. Lehaney, Vice-Pres.) 

Kapapra, B. F., Abdulla Bldgs., No. 2, Tram Terminus Parel, Bombay, 
India. 

Kapp, P. B., 707 W. College Ave., State College, Pa. (Penn. State College. ) 

KATTELLE, WALTER R., Western Electric Co., 110 William St., New York 
City. . 

KELLEY, FREDERICK W., 126 State St., Albany, N. Y. (Helderberg Cement 
Co.) 

Ketty, EMer G., 122 N. 51st St., Philadelphia, Pa. (Consolidated Ex- 
panded Metal Co.) 

Kerr, Linton, 147 Milk St., Boston, Mass. 

KTENSTRA Bros. Fure~t anp Suppiy Co., Wood River, Tl. (Frank T. 
Kienstra. ) 

Krxucui, Arraro, Toa Cement Co., Ltd., Amagasaki, near Osaka, Japan. 

KINDLE, GEORGE C., Pitman, N. J. 

Kine, A. W., 410 N. Michigan Ave., Chicago, Ill. (Kalman Floor Co.) 

Kinespury, C. T., 216 Woodward Bldg., Washington, D. C. (Rosslyn 
Steel and Cement Co.) 

Kinney, Wittiam M., 111 W. Washington St., Chicago, Ill. (Portland 
Cement Assn.) 

Kirk, Kari Q., 520 McCalie Ave., Chattanooga, Tenn. 

Kircnen, R. R. & Co., 802 National Bank Bldg., Wheeling, W. Va. (R. R. 
Kitchen. ) 

Kirin, W. H., Richard City, Tenn. (Dixie Portland Cement Co.) 

KLEPACH CoNnsTRUCTION Co., Cedar Rapids, Iowa. (John Klepach. ) 

Kuinepere, W. EArt, 318 Main St., Springfield, Mass. 

Kuineer, W. A., Warnock Bldg., Sioux City, Iowa. 

Kock, Morean B., 189 Park Ave., Rochester, N. Y. 

Kwopu, Oar, Prinsensgt 26b, Elevator, Kristiania, Norway. 

KNOWLTON, WINFIELD B., 69 Salem St., Andover, Mass. 

Kwupsen, Ax. M. anv S. L. Sorensun, Vesterbrogade 13, Copenhagen, 
Denmark. (N. J. Nielson.) 

Koper, Wo. C., c/o Adensite Co., Inc., 116 W. 39th St., New York City. 

“KOEHRING CoMPANY, 3lst and Concordia Ave., Milwaukee, Wis. (BE. H. 

Lichtenburg. ) 

*KOEHRING Company, 4940 N. 8th St., Philadelphia, Pa. (P. Koehring.) 
Koerner & Co., C. A., 318 E. Burnett, Louisville, Ky. (R. J. Sweeney.) 
KOERNER, CARL A., 426 Odd Fellows Bldg., St. Louis, Mo. 

Koucut, M., Onoda Cement Co., Yamaguchi-Ken, Japan. 

Komuro, Maneoro, Yotsu Kuracho, Fukushi, Maken, Japan. (Iwaki 
Cement Co., Ltd.) 

Kopitxe, O. F., Wabash and 15th Sts., Toledo, Ohio. (The Gettins 
Kopitke Co.) 

*KosMoS PoRTLAND CemMEeNT Co., 614 Paul Revere Bldg., Louisville, Ky. 
(O. N. Clarke.) 


804 List or MrmMBERs. 


Krause, G. E., Juneau, Alaska. 

Krause, Mark C., 120 West 4th St., Williamsport, Pa. 

Kreps Company, A. J., Walton Bldg., Atlanta, Ga. (A. J. Krebs.) 

KrECKER, Raymond H., c/o Phila. & Reading Ry., 9th and Spring Garden 

_Sts., Philadelphia, Pa. 

Krier, Georce H., 814 E. 94th St., Brooklyn, N. Y. 

KUHN, Perry C., 605 Carondelet Bldg., New Orleans, La. 

Kyrrrup, I., 754 Builders Exchange, Minneapolis, Minn. A 

“LACLEDE STEEL Co., 1317 Arcade Bldg., St. Louis, Mo. (W. L. Allen.) 

LaGaarp, M. B., Experimental Engineering Bldg., Minneapolis, Minn. 
(University of Minnesota. ) 

LAKDAVALA, Burgor M., c/o H. H. Daruwala, Esq., Outfort, Broach, Bom- 
bay, India. 

LAKE, StmMon, Milford, Conn. 

LAKEWOOD ENGINEERING Co., Cleveland, Ohio. (Lion Gardiner, Vice-Pres. ) 

Lams Co., Roserr E., 843 N. 19th St., Philadelphia, Pa. (Robert E. 
Lamb. ) 

LAMBERT, WALTER E., 2028 Lincoln St., Evanston, Ill. 

LAMBIE, J. EpwarD, 5901-5999 Hydraulic Ave., Cleveland, Ohio. (Lambie 
Concrete House Corp.) 

LAMBIE, JosePH S., Parkman Blvd., Pittsburgh, Pa. (University of Pitts- 
burgh. ) 

LANCASTER, LioneL W., 8 McLaren St., Red Bank, N. J. 

LANCASTER CONCRETE TILE Co., Lancaster, Pa. (Henry Boettcher.) 

LANDER, R. S., Burwell Bldg., Knoxville, Tenn. (Sherman Concrete Pipe 
Co.) 

LANpDOoR, Epwarp J., 634 Renekert Bldg., Canton, Ohio. 

Lang, H. A., Baltimore and Ohio Central Bldg., Baltimore, Md.  (Balti- 
more & Ohio Railroad Co.) 

LANG, PHILIP GeorcE, JR., 1300 Baltimore & Ohio Bldg., Baltimore, Md. 
(Engr. of Bridges. ) 

LAPHAM, JOHN R., 1829 G St., N. W., Washington, D. C. (George Wash- 
ington University. ) 

LARSON, REUBEN LAWRENCE, 4-6 Yuen Ming Yuen Road, Shanghai, China. 
(Anderson, Meyer & Co., Ltd.) 

“LA Touteca,”’ Cia de Cemento, Portland, S. A., Independencia 8, P.-O. 
Box 233, Mexico, D. F. Mexico. (G. H. E. Vivian.) 

LAVELLE, J., General Assurance Bldg., Bay and Temperance Sts., Toronto, 
Ont. (Alfred Rogers, Ltd.) 

LAvIGNE, Ernest T., 30 Belvidere Road, Quebec, Que., Canada. (Quebec 
Provincial Dept. of Public Works & Labor.) 

Lazier, F. §., Welland Ship Canal, Thorold, Ont., Canada. 

*LAWRENCE PORTLAND CEMENT Co., 302 Broadway, New York City. (J. S. 
Van Middlesworth. ) ; 

Lea, Witi1AM S., 809 New Birks Bldg., Phillips Square, Montreal, Que. 
(R. 8S. & W. S. Lea.) 
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LeAcH, FRED M., 798 Detroit Savings Bank Bldg., Detroit, Mich. 
Leaver, R. J., 49 Swan St., Lawrence, Mass, 
Ler, W. HAmitron, South Plainfield, N. J. 
LEEDS & BaRNarD, 705 Central Bldg., Los Angeles, Calif. (Chas. T. 
Leeds. ) 
LEFriLer, Rapa R., 7021 Oriole Ave., Chicago, Il. 
*“LEHIGH PorTLAND CeMENT Co., Allentown, Pa. (H. M. Trexler, Pres.) 
“LEHIGH PorTLAND CEMENT Co., Allentown, Pa. (H. M. Trexler, Pres. ) 
LEHIGH PorTLAND Cement Co., Young Bldg., Allentown, Pa. 
Lenest, G. J., 212 W. Bluff St., Prairie du Chien, Wis. (Prairie Con- 
crete Prod. Co.) . 
LEONARD, JOHN B., 57 Post St., San Francisco, Calif. 
LEONARD, W. H., 800 Corporation Bldg., Los Angeles, Calif. (Riverside 
Portland Cement Co.) 
LESLEY, Rogerr W., 611 Pennsylvania Bldg., Philadelphia, Pa. 
*“LEVERING & GARRIGUES Co., 552 W. 23rd St., New York Citys (REGS: 
Wells. ) 
Lewis, Gro. H., Malden, W. Va. 
*Ley & Co., Inc., FreD T., 495 Main St., Springfield, Mass. (Raymond K. 
Turner. ) 
Lipserton, J. H., 40 Rector St., New York City. (General Chemical Co.) 
LIEBERMAN & HEIN, 190 N. State St., Chicago, Ill. (EB. Lieberman. ) 
LILLEY Concrete Propucts €o., Aurora, Ill. (lL. W. Lilley. ) 
Lino, Perer & Co., 2 Central Bldg., Westminster, London, 8. W. 1 
England. 
Linpavu, A. E., 10 S. La Salle St., Chicago, Ill. (American System of 
Reinforcing. ) 
Linpsay & Co., W. W., 902 Harrison Bldg., Philadelphia, Pa. (James C. 
Newlin, Vice-Pres. ) 
LINDSLEY Co., C. E., 888 Clinton Ave., Irvington, N. J. (C. E. Lindsley.) 
Lrpscomp, P. T., Crockett, Texas. 
LinpstroM, Rogerr S., 203 S. Dearborn St., Chicago, Ill. (Advance 
Waterproof Cement Co.) 
Litter, F. J., 8 W. 40th St., New York City. (The Frederick Snare 
Corp. 
Livermore, A. C., Mgr. Westinghouse Air Brake Home Bldg. Co., Wil- 
merding, Pa. 
Lock Jornr Pree Co., P. O. Box 21, Ampere, N. J. (A. M. Hirsh.) 
Locke, CiypE E., 905 Ellicott Square,, Buffalo, N. Y. (A. E. Baxter 
Eng. Co.) 
Lockwoop, GREENE & Co., 24 Federal St., Boston, Mass. (Library. ) 
Lors, Henry, II, ¢/o Loeb Stone Company, Memphis, Tenn. 
Lorser, CHARLES, P. O. Box 1612, Richmond, Va. 
Logan, R. T., 208 S. La Salle St., Chicago, Ill. (American Bridge Co.) 
Loney, Nett M., 51 Wall St., New York City. (Thompson-Starrett Co.) 
Lorp, ArrHuR R., 140 8S. Dearborn St., Chicago, M1. 


’ 


a ry , ee ab at 


806 List or MEMBERS. N 
4 
Lorenz Co., P. H., 413 Peoples Bank Bldg., Moline, Il. (F. R. Dewend.) : 
Los ANGELES Concaats Tite Co., 432 I. W. Hellman Bldg., Los Angeles, | 
Calif. (Harry Soderberg.) 
LOTHIAN, ALBERT J., 230 nae St., W., Windsor, Ont., Can. é 
Lovur1svitLg Cement Co., 315 Guthrie St., Uoevile, Ky. (W. 8. Speed, y 
Pres.) 
y Lover, Harry J., 933 Leader-News Bldg., Cleveland, Ohio. (Nat. Slag 
Assn. ) 
LOWELL, JouN W., 208 S. La Salle St., Chicago, Il. (Universal Portland 
Cement Co.) 5 
Lurry, Grorer, 1405 Prairie Ave., Beloit, Wis. « 
Lunporr-BIcKNELL Co., THE, 5716 Euclid Ave., Cleveland, Ohio. (C. W. ¥ 
Lundoff. ) & 
Luren, Dantet B., 1056 Lemcke Annex, Indianapolis, Ind. (Luten Engr. D 
Co.) & 
: 


Lynam, Mavsor C. G., R. E., Public Works Dept., Bagdad, Mesopotamia. 
MacBrru, Norman, 800 Corporation ee ., Los Angeles, Calif. (Riverside 
Portland Cement Co.) 
McBurney, J. W., 6 Rockwell Bldg., Giant Ohio. (Cleveland Board 
of Education. ) 
MacDonatp, Earwe, Riverside, Calif. (Riverside Portland Cement Co.) a 
McCarruy, P. A., Box 794, Lufkin, Texas. (Commercial and Industrial 
Engrg. Co.) 
McCarruy, T. V., Box 245, Niagara Falls, Ont., Canada. 
*McCiatrcuy, Joun H., 848 Land Title Bldg., Philadelphia, Pa. 
McCLeLtLan & JUNKERSFELD, 45 William St., New York City. (H. T. 
Campion. ) 
McCrapy, Louris Dr B., ¢/o Canadian Explosives, Ltd., 120 St. James St., 
Montreal, P. Q., Canada. 
McCutxovuen, F. M., Carnegie Institute of Technology, Pittsburgh, Pa. 
McDaniel, ALLEN B., 7 Grafton St., Chevy Chase, Md. 
: McEwen, A. B., c/o Wm. I. Bishop, Ltd., 822 New Birks Bldg., Montreal, 
P. Q., Canada. 
McHosr Sanp & Tite Co., Boone, Iowa. (Mr. Arthur McHose.) 
MoInryre, WitttamM A., 809 Flanders Bldg., Philadelphia, Pa. (Atlas 
Portland Cement Co.) 
McIntyre Macutnery Co., 708 Empire Bldg., Detroit, Mich. (A. E. 
Carpenter, Secy.) 
McKinstry, Ross W., 205 Kenmore Ave., Elmhurst, Il. y 
McLacuian, R. C., c/o J. P. Porter, Standifer & Porter Bros., St. Cath- 
erines, Ont. 
McLavueuiin & Sons, Mankato, Minn. (J. A. McLaughlin.) 
McLean ContTRACTING Co., 1415 Fidelity Bldg., Baltimore, Md. (Oscar 
B. Coblentz, Pres.) 
McLean, WitttAM K., 8 Spring St., Sydney, New South Wales, Australia. 
McLrop, WilLLtAM, Balgownic Ave., Gonville, Wanganui, N. Z. 
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McMitian, E. C., 107 Clifford St., Detroit, Mich. (Kalman Floor Co.) 

McMILLAN, FRANKLIN R., 628 Metropelitan Bank Bldg., Minneapolis, 
Minn. (Shenehon & Meyer. ) 

McRae StEEL Co., 16 McGraw Bldg., Detroit, Mich. (William Corman.) 

McWittiaM, R. J., “Duart,” Hardgrave Road, West End, Brisbane, 
Australia. l 

Macater, W. L., & Sons, Austin and Commerce Sts., Houston, Texas. 

Mack, THoMAS, Peoples Gas Bldg., Chicago, Ill. (Rezilite Mfg. Co.) 

Maconi, G. V., 67 Church St., New Haven, Conn. (The Dwight Build- 
ing Co.) 

MAIN, CHARLES T., 200 Devonshire St., Boston, Mass. 

Mart, Dr. H., Public Works Bureau, Home Dept. of Japan, Tokyo, Japan. 

Marimrp, A. T., 1713 Sansom St., Philadelphia, Pa. (A. T. Malmed Co.) 

Matonr, Joun A., Lancaster, Pa. (Malone & Sons.) 

Matonry, Rowianp, Hyderabad, Deccan, India. (The Reliance Tile 

- Works. ) 

MAanitopa, UNIverstry or, Sherbrooke and Portage Sts., Winnipeg, Man. 
(J. N. Finlayson.) 

Manica, ALBERT J., 301 Journal Bldg., Albany, N. Y. 

Marani, Vircin G., 844 Rush St., Chicago, Ill. (Gypsum Industries. ) 

MARBLE, WiLLIAM O., 508 London Bldg., Vancouver, B. C. (Hodgson, 
King & Marble.) 

Mariscal, FReDERICO E., 9a Colima 292, Mexico City, Mexico. 

MarkLAND, M. B., Guarantee Trust Bldg., Atlantic City, N. J. 

Marrporo Cement Co., Edmonton, Alberta, Can. (A. W. G. Clark.) 

MARQUETTE CEMENT Mre. Co., Marquette Bldg., Chicago, Ill. (T. G. 
Dickinson. ) 

Marscu, Louis, Morrisonville, Il. 

Marsu-Murpock Co., THE, Melish and Stanton Aves., Cincinnati, Ohio. 
(George J. Marsh.) 

MARSHALL, JOHN, 528 Collins St., Melbourne, Victoria, Australia. (The 
Marshall Concrete Co., Ltd.) 

Marson, Joun E., Aurora, Ill. (Barber-Greene Co.) 

Martin, Epe@ar, 104 8. Michigan Ave., Chicago, Ill. 

Martin, Evan 8., 16 Saulter St., Toronto} Ont. (James A. Wickett, Ltd.) 

MaSssEy CONCRETE PRopuctTsS CorP., Peoples Gas Bldg., Chicago, Ill. (Paul 
Kircher. ) ¢ 

MASTER BuiILpers Co., THE, 1836 Euclid Ave., Cleveland, Ohio. (S. W. 
Flesheim. ) 

Mauro, Francesco, First Nat. Bank Bldg., Birmingham, Ala. 

Mayers, H. WINFIELD, No. 8 Wilson Ave., Watertown, Mass. 

MayNaArpD, ARTHUR J., Mass. State Farm, State Farm, Mass. 

Maynickre & FRANKE, 25 Madison Square North, New York City, N. Y. 
(Julius Franke.) 

Mazur, Isapor, 3610 Balsam Ave., Indianapolis, Ind. 

Meap, C. A., 165 Wildwood Ave., Upper Montclair, N. J. 
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Meap, Suypam Co., 342 6th Ave., Newark, N. J. (F. J. Mead, Pres.) 

Meprorp Concrete Co., Medford, N. J. (Harry L. King, Jr., Pres.) 

Metin, O. W., Structural Engr., Western Electric Co., Hawthorne Sta- 
tion, Chicago, Il. 

Mercuant, Arcuige W., 728 Hospital Trust Bldg., Providence, R. I. 

Mekto, Merto & Ray, Lrp., Ford, Ont., Canada. (Louis Alvin Merlo.) 

MERRIKEN, ©. W., Tacoma Bldg., Chicago, Ill. (Gardiner & Lewis, Inc. ) 

MERRIMAN, THADDEUS, 2224 Municipal Bldg., New York, N. Y. 

Messey, LAuREL, Commerce Bldg., Ash and George Sts., Sydney, Australia. 

Mercatr & Eppy, 14 Beacon St., Boston, Mass. (Frank A. Marston.) 

MerzGer-RIcHARDSON ComPANy, 503 May Bldg., 529 Liberty Ave., Pitts- 
burgh, Pa. (F. L. Metzger.) 

Meyer, C. Lours, 608 Omaha National Bank Bldg., Omaha, Neb. (Con- 
crete Engrg. Co.) 

Meyer, Morrison & Co., 39 Cortlandt St., New York City. (B. A. Meyer. ) 

MicuHIGAN PortLANnD Cement Co., Chelsea, Mich. (G. S. Potter, Jr.) 

MicHiGAN UNiversiry Lisrary, Ann Arbor, Mich. 

MiIpLAND VALLEY Coat & Marerran Co., Overland, Mo. (M. J. Mahan.) 

MirsenuHELDER, P. D., 317 E. 12th St., Indianapolis, Ind. (Indiana State 

Highway Commission. ) 

Mizgurn Lime & Cement Co., Lrp., 59 Crawford St., Dunedin, N. Z. 

(J. H. Stewart, Gen. Mgr.) 

Mitier, Danret J., Bangor, Pa. ; 

Mitter & Sons’ Co., H., 2565 Fifth Ave., Pittsburgh, Pa. (A. G. Miller.) 

MILLER, CHARLES R., Co., INc., 556 Susette St., Memphis, Tenn. 

Mrurr, O. L., & Co., 401 W. 17th St., Indianapolis, Ind. (A. C. Miller.) 

Miner, Josuua L., 814 Second Place, Plainfield, N. J. 

MINSHALL, R. E., 242 S. Gill St., State College, Pa. 

*Missouri PorTLAND CEMENT Co., Post Dispatch Bldg., St. Louis, Mo. (H. 

L. Block, Pres.) 

MITCHELL, JAMES, 999 Bergen Ave., Jersey City, N. J. 

Mrrcenett, Noran D., 134 Beach St. South, Clarendon, Va. (U.S. Bureau 

of Standards.) 

MoprERN Constrrucrion Co., Grand Junction, Iowa. (O. B. Lofstedt, Secy.) 

Morser, Vicror L., Ferro Concrete Construction Co., Cincinnati, Ohio. 

Mouter, Joun D., Court House, St. Joseph, Mo. (Highway Engineer, 

Buchanan County. ) 

Mour, H. A., 1007 Royster Bldg., Norfolk, Va. (Dist. Mgr. Raymond 

Concrete Pile Co.) 

Moir, Harry H., City Engineer, Kearney, Neb. 

Motitenkor, J. P., c/o John H. McClatchy, Erdenheim, Pa. 

MonarcH ENGINEERING Co., Chamber of Commerce Bldg., Buffalo, N. Y. 
(H. R. Wait, Pres.) 

Monks & JoHNSON, 99 Chauncey St., Boston, Mass. (John J. Harty.) 

MonorirHic HoLtow CoNcRETE Form Corp., 326-330 Pacific Finance Bldg., 
Los Angeles, Calif. (L. J. Desenberg.) 
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Montz, A. S., 707 Title Guarantee Bldg., New Orleans, La. 

Moor, O. L., 1532-210 South LaSalle St., Chicago, Il. 

Moorr, THOMAS, THE ADENSITE Co., 116 W. 39th St., New York City. 

Moores-Conry Co., 111 E. Fourth St., Cincinnati, 0. (W. W. Coney. ) 

Morr, Cuas. C., Room 305, Education Hall, University of Washington, 

Seattle, Wash. 

Morritx, F. W., Ferro Concrete Construction Co., Cincinnati, Ohio. 

Morris, Ciypr T., Ohio State University, Columbus, Ohio. 

Morris, Lioyp M., 135 S. Atherton St., State College, Pa, (Pennsylvania 
State College. ) 

Morrison, R. L., 4717 First Ave., Birmingham, Ala. (Concrete Products 
Co.) 

Morrow, Davin W., 4500 Euclid Ave., Cleveland, Ohio. 

Morssen, C. M., 37 Belmont St., Montreal, Que. 

Moses, FREDERICK W., 10 Weybossett St., Providence, R. I. (Fireman 
Insurance Co.) 

Mora, CANDELARIO CaLor, 19, 11 de Agosto St., Mayaguez, Porto Rico, 

Moyer, ALBERT, 350 Madison Ave., New York City. (Wuleanite Portland 
Cement Co.) 

MUELLER, Harotp P., 4738 N. Canal St., Logan, Philadelphia, Pa. 

MUELLER, J. W., Palladium Bldg., Richmond, Ind. 

Munn, P. J., 147 Milk St., Boston, Mass. 

Mountz, E. P., 403 Lehigh Valley Terminal, Buffalo, N. Y. 

Murpny, J. C., 714 Louisville Trust Bldg., Louisville, Ky. 

MYLcucrerst, Gro. Lewis, 238 Palm St., Hartford, Conn. (Buck & 
Sheldon. ) 

Naeaya, 8., Chief Engineer, Japanese Government Railway, Tokyo, Japan. 

Naito, TAcnu, University of Waseda, Tokyo, Japan. (Engineering Col- 
lege. ) 

Nasu, G. C., P. O. Box 582, Buffalo, N. Y. (Turner Construction Co.) 

*Nassau SAND AND GRAVEL Co., 949 Broadway, New York City. (W. J. 
Timberman. ) 

Nasu, Akiya, Kawasaki Works, Nakashibuya, No. 715, Tokyo, Japan. 

NaviIonaL CONCRETE ConstrucTIoN Co., 54 Bd. of Trade, Louisville, Ky. 
(J. B. Ohligschlager. ) 

NATIONAL FIREPROOFING Co., Flatiron Bldg., New York City. (P. Bevier.) 

NationaL Lime Assocrarion, 918 G St., N. W., Washington, D. C. (W. 
A. Freret.) 

Nariona, Lumper Mrrs. Assn., 402 Transportation Bldg., Washington, 
D.C. (D. F. Holtman.) 

Nationa, Stone Tire Corp., 625 Market St., San Francisco, Calif. (C. 
C. H. Thomas. ) 

Narstone Boston Corp., Wellesley Hills, Mass. (Alfred H. Howard. ) 

“NAZARETH PORTLAND CEMENT Co., Nazareth, Pa. (J. A. Horner. ) 

NELSON-ENBLOM Co., 917 Plymouth Bldg., Minneapolis, Minn. (Albert 

Enblom, Secy.-Treas. ) 
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*Newayco PortLanp Cement Co., Newaygo, Mich. (J. D. John.) 

New Jersey Wire Crore Co., Trenton, N. J. (Louis G. Beers Manager. ) 

New Jersey Zinc Co., Palmerton, Pa. (Technical Library.) 

NicHois, CHartes Evror, 147 Milk St., Boston, Mass. (Stone & Webster, 

~ ine:) 

NIcHOLS, JoHN R., 45 Milk St., Boston, Mass. 

NICHOLSON, JR., JOHN, 2735 Prospect Ave., Cleveland, Ohio. 

Nostr & Co., R. E., 624 Sacramento St., San Francisco, Calif. (Theodore 
P. Dresser, Jr.) 

Nosiz, THomas W., & Co., 35 S. Dearborn St., Chicago, TRS (ake Nae 
Noble, Gen. Manager.) 

Norcr, BLAINE, 1326 Washington Bldg., Los Angeles, Calif. 

Noonan, W. H., Metropole Bldg., Halifax, Nova Scotia. 

N. W. Davenport Cement Brock Co., 1725 Davie St., Davenport, Iowa. 
(H. E. Meier.) 

NoRTHWESTERN STATES PortLAND CrMENT Co., Mason City, Iowa. (W. 
Cowhan. ) 

Novetia, Gustavo, Avenida del Hipodromo, Guatemala, Guatemala, C. A. 
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